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‘NOTE: The information in this ticle was compiled from 
teports from the Trenton, contemporary literature and recol- 
lections of officers who served on the vessel. The meagerness 
of Navy reports is indicated. by the following extracts from 


the ship’s log on the first day of commission after the. electric 
un was installed : 


September 18, ‘1883,— 
48 P. M, Hsing electric 
M, L ‘Woop. 
M: to Mid. At 10'P. M. sonped dynamo an baked 
in boiler. 
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The, present day electrification of machinery on naval ves- 
sels when practically every moving element receives its motion 
from an electric motor, and the vessel throughout is illumin- 
ated with electric lamps, makes it very difficult to visualize con- 
ditions less than forty years ago when there were no ‘electric 
lights, electric fans or electric auxiliaries. To strip the New 
Mezxico, for instance, of her electric plant would be to take 
away her motive power, her ability to direct, serve and fire 
her guns, her means of steering and getting up anchor, and the 
multitudinous systems of ‘interior and exterior communication. 

True enough, our vessels forty years ago moved and fired 
_ their guns and were lighted, but their arrangements would 

seem of the crudest sort to-day. __ 

The installation of an incandescent lighting plant | on the 
U. S. S. Trenton in 1883 was the first step in the rapid electri- 
cal development which has culminated to-day in our electric 
drive ships. Before this time there were small interior com-. 
munication systems such as call bells, thermostats and gun 
and torpedo-firing systems, but the power involved was negli- 
gible and was supplied by wet-cell primary batteries or small 
hand-driven generators (the Farmer machine on short circuit 
gave an output of 48 watts, 1/15 H.P.). An engine-driven 
generator of 5 or 6 horsepower, giving light for, an arc lamp, 
was tried on the Hartford in 1877-78 for signalling purposes, 
but it never got beyond the experimental stage and the success- 
ful development of the Very signal system put it in the discard. 
It has been forgotten even by the people who served on the 
Hartford during its trial. 

The fact that the Trenton was the first American wine: 

war to be fitted with iricandescent lamps, and that the installa- 

tion was made to ascertain the practical efficiency of an electric 
_ plant on naval vessels, naturally excited considerable comment, 
both in and out of the service. One or two passenger vessels 
and the U. S. Fish Commission Steamer Albatross had been 
fitted with electric plants before the Trenton was so equipped, 
but the latter was a man-of-war, and there was considerable 
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head-shaking. Fear of fires and of failure to withstand the — 
shock of gun-fire, and the usual sea-going opposition to inno- 
vations had to be overcome before the work was authorized. 

‘The installation on the Albatross was supervised by Passed 
_ Assistant Engineer G. W. Baird, U.S. N. (now Rear Admiral, . 
U.S. N., Retired). The contract was made by him and let 
on this vessel. 

‘When it was decided to put an on'the Trenton, 
Lieut.-Comdr. Royal B. Bradford, U.S. N. (late Rear Ad- 
miral), who had had much to do with electricity in connection 
with torpedoes, was put in charge of the work. Passed As- ~ 
sistant Engineer Baird gave him a copy of the contract for the 
plant on the Albatross, and it was Comdr. Bradford’s desire 
to put in a plant on the Trenton double the size of that on the 
Albatross as nearly as possible. Early in 1883 seven electric 
light companies were asked to bid on the installation, but only 
the Edison Company had the courage or desire‘to attempt the 
_ work as called for by the Bureau of Navigation circular. | 
The contract was awarded to the Edison Electric Lighting 
Company at a cost of $5,500. The contract called for one 
dynamo and engine complete to supply light to the following 
lamps: 104 16-candle-power lamps, 130 10-candle-power 
lamps, and 4 32-candle-power lamps, a total of 238 lamps 
and. 3,092 candle power; 238 key sockets for lamps, 6 extra 
brushes, 1 automatic regulator, and 1 dynamo foundation. All 
of the necessary conductors, switches, safety devices and appli- 
ances were to be of the most approved patterns then used by 
the Edison Company ; and the fixtwres for the lights were to 
be furnished by the Department: «This seems a very loosely 
drawn contract to-day, but at that time there was little previ- 
ous experience to guide the Navy Department, and, lacking 
this, the details of the installation were left to the Edison 
Company, who naturally to make the: as 
as 
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The number and type of lamps actually installed differed 
slightly from the contract specifications, as there were put on 
board 173 10-candle-power, 70. 16-candle-power, and 4 32- 
candle-power lamps, a total of 247 mer and 2,978 candle- 
power. 

The dynamo was of the Edison “1” tip shunt fail 
with a terminal voltage of 110 and a capacity of 120 amperes, 
and was rated as a 150 16-candle-power machine. This would 
make the rated efficiency of the lamps 5.5 watts per candle- 
power. At that time (1883) lamps were being made with a 
rated efficiency of 4.6 watts per candle-power, which would 
give this 13.2 KW. plant a capacity of almost 2,900 candle- 
power. Asa total of 2,978 candle-power was actually installed, 
the machine wotild just about care for the total load in the 
unlikely case of all lamps burning at the same time. 

The dynamo was bi-polar, and the four huge field eae 
extended to a height of six feet four inches above the deck. 
These poles were of heavy masses of iron, wound with a great 
many turns of wire, and the-whole covered with cloth for pro- 
tection. The resistance of the field was in the neighborhood 
of 40 ohms so that the field current was about 2.75 ampéres 
and the loss in the field .2 KW. The large masses of iron 
prevented early saturation of the field, and a more powerful 
machine could be made with a given armature construction 
and speed. The poles stood on a zinc plate which was bolted 
to a cast-iron bed plate. On account of the heavy pole pieces 
used, the weight of the dynamo was 6,000 pounds. 

The armature was built up of a large number of very das 

disks of soft iron, separated by mica, and strung upon a 
wooden core. The laminations were firmly bound together by 
tie bolts and outside of the cylinder so formed were the coils. 
Of these there was a large number, wound on a modified 
Hefner-Atteneck system and firmly bound in place by wire 
bands to prevent the conductors from flying out. The ends _ 
were covered with a wrapping of cloth. . The commutator was 
wide and thick and so adapted for long runs. The brushes 
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were formed of alternating layers of wire ‘and thin strips of 
copper. They were mounted in a swinging frame to allow of 
proper adjustment. On an extension of the armature shaft 
was mounted a fourteen-inch pulley with a nine-inch face. The 
armature was driven by an eight-and-a-half-inch belt from the 
fly-wheel of the engine at eer 900. revolutions ie 
minute, 

The bed plate of the ‘decided was made with slots phigh 
fitted over tracks so-that the machine could be moved along 
the deck to compensate for the stretching of the belt. ‘The 
dynamo was held down by strong bolts: passing through the 
bed plate and the deck, the bolt holes in the bed plate being — 
elongated so that necessary movement of the machine along 
the tracks would not be interfered with. In addition to the 
holding down bolts a heavy brass brace’ was fitted from the 
top of the dynamo to the bed plate of the engine. The — 
ooeupied a floor space 68 inches by 40 inches. | 

"The engine was a horizontal Armington and ‘Sims.’ Tt tad 
a single cylinder 94 inches in diameter with a 12-inch stroke, 
and made about 270 revolutions per minute.’ The engine occu- 
pied a floor space 100 inches by 60 inches, and weighed 4,500 
pounds. ‘The initial steam pressure seldom exceeded. thirty 
pounds per square inch; and this pressure was not always 
maintained, especially in port.’ The engine bed: ‘was heavy, 
solid and stiff; and took the bending stresses of the guides at: 
its upper surface. Two main pillow blocks carried: the steel 
crank shaft and supported the two wheels, one of which was 
the fly-wheel, and the other the pulley over which the belt to 
the dynamo ran. The steam cylinder was overhung with the 
exhaust pipe leading down to the deck. The crank pin was 
oiled ‘by a “ wiper,” while sight feed cups supplied the re- 
mainder of the lubrication. Oil for the: plant was obtained 


_ from the Vacuum’ Oil Company. Mineral oil was 


entirely, that for the engine being 600° W Cylinder Oil-and that — 


for the bearings Electric Machinery Oil. Both oils cost sixty- 
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five cents a gallon. It was found seareurt to: use sperm 
oil on the bearings. of the dynamo. 

A piston valve with a double port: was this engine 
so that approximately boiler pressure was admitted to the 
cylinder and’ continued to the point: of cut-off with practically 
no wire-drawing of the steam. This lack of wire-drawing was 
a very unusual feature in engines at that time. The use of 
the double ported valve enabled the clearance to be kept down 
to about 5 per cent. This low clearance was also unusual in 

an engine where the diameter of the cylinder here mg a wae’ 
relation to the length of the stroke. 

The governor on the and’ engine was of a 
novel and ingenious type. 

Two weights “1” were on: a 
the arms pivoted to the governor pulley. The position of these 
weights as determined by the speed and the action of the 
springs, determined: the position of the eccentrics “C” and 
“D,” and thus the position and motion of the valve and the 
point of cut-off, flying out and giving a higher rate of expan- 
sion as the load on the engine diminished or as the steam pres- 
sure rose. The eccentric ““C.” was set inside the. eccentric 
“D” and connected to the governor arms in such a way that 
as the weights separated or approached each other, the eccen- 
trics were turned. on the shaft so as to cause their throws to 
coincide or'to oppose each other. The action was almost’ pre- 
cisely the same as that of a Stephenson link operating between 
full and mid-gear. The range of action gave very close gov- 
erning between zero and three-quarters stroke. The action of 
the governor was tested on board at one time by suddenly 
throwing off about half load. No aia change i in seg 
was noted onthe engine. 

No figures are available as to the power: delivered. isp this 
engine on test, but a ‘little speculation is rather interesting. 
‘The rated full load on the generator with all lamps burning — 
was about 14-KW. (18.75 HiP,). Assuming. 90 per cent 
efficiency of the generator, which efficiency was obtained on 
similar machines, the engine had to deliver a little over 20 H.P. 
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Ifswe-assume a thirty-pound initial steam pressure, which 
the ship’s officers said they did not always get, an eighteen-irich 
vacuum, which was about the average obtained,5 per cent 
clearance and 20 per cent compression which this typeof en- 
gine usually used, and cut off at 50 per cent ‘of the stroke; the 
theoretical mean effective pressure will be a trifle over thirty- 
one pounds. If we assume a diagram’ factor of :7; which is 
attained on small fast-running engines of this type, cake ‘mean 
effective pressure was a trifle less than 22 pounds. « 99 


the hopsepower — — 


Thus there, was ample power, to, carry the full ‘at ati the 
generator even with the engine cutting off at half stroke. _, 


_ The: installation was made under the supervision of, Mr. 


Miller Moore, formerly, an, engineer, in.the Navy, and. at 
that time General Manager of, the: Edison, Company, .:Car- 


penters were used, to.run the wire as to 


make a good job on the moulding. ;;. 

The good design and workmanship, engine: the 
care it received on board the Trenton are indicated. by. the fact 
that during fifteen months’ use)the only senewall was 
a set of crank-pin brasses. 

engine, and dynamo belted. a 
space of 101 square feet, and weighed ten thousand, five hun- 
dred pounds, It is interesting to. note that.the 500, K W.,turbo- 
generators to be installed on the battle cruisers, will take up.a 
floor space.of,.but 106.5 square feet, although they. will. weigh 


forty-six thousand pounds... The advance of electrical, engi- 
neering is well shown in this development.from, 15 ars 9 


500 KW. in practically the same floor. space,,:.... 

_ The switchboard. for the) Trenton’s. lighting was 
cated) near the bulkhead in the.after,end of the dynamo room, 
It was: built of slate; the bus. bars.on the front, 
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and on it were mounted the circuit switches for the various 
lighting circuits of the vessel... No voltmeter or ammeter was 
fitted to the board, as the development of these instruments 
had not progressed to the point where they would operate: sat- 
isfactorily aboard ‘ship. The voltage at the lamps was regu- 
lated by the eye, being adjusted to give less candle-power than 
their rating in order to prolong their life. The 16-candle- 
power lamps were adjusted to give 12-candle-power as closely 
as could be determined. .The-efficiency of the lamps was) not 
considered, as’ the predominant desire with this installation 
was to show reliability as compared with oil lamps, and long 
life of the lamps was secured by burning them at a low candle-_ 
power. Even 12-candle-power lamps as compared: with oil 
lamps were such an improvement that no’ 
was raised to the lower rating. 

‘An automatic ‘voltage regulator was ‘tarnished’ ‘with the 
dynatnio, but its use was discontinued after six months. This 
regulator consisted of a rheostat in the field circuit which was 
automatically shifted by'a solenoid when the current in the 
external circuit rose or fell due to an increase in’the number 
of! lamps in use. ‘As the! generator was a shunt machine, addi- 
tional current in the ‘external circuit would cause the voltage 
to fall off.” With the atitomatic regulator; additional ‘current 
would move the solenoid, cutting out field resistance, and by 
allowing’ additional current: tot flow in. the 
Voltage tp agai” 

‘Reports from hie ship a that: faire” of 
lamps ‘was ‘due to the use of this regulator. No explanation 
was offered for ‘this ‘belief, but it may be supposed’‘that the 
regulator failed to reduce the voltage wien the load was de- 
creased. This excess ‘voltage would’ to 
of the lamps considerably. ' 

The’ ‘switchboard Was' fitted with divitthes for the following 
circuits: spar deck, gun deck, berth deck, orlop'deck, wardroom 
atid adriiral’s quarters, firé and engine tooms. and holds. 
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These main cirduits w were of number 12 or 14.single con- 
ductor cable (6,530 or 4,107 circular. mils). They were led 
about the ship in pine mouldings... These mouldings consisted 
of battens with two grooves for the mains over which a,.cap 
was fastened with screws after the wires were run.. When 
well painted, this moulding was fairly watertight... ........ 

_ For the branch wires, number 18 (1,624 circular mil) wire 
was used. This was run in a smaller moulding, with grooves, 
which was screwed to beams and bulkheads. Much trouble 
was experienced with salt water getting behind this moulding 
and rotting the insulation of the branch leads... | 

The wire for the mains was a single. strand, tinned and 
covered with, rubber insulation, That for the branch leads was 
for the most part untinned and covered with cotton insulation 
and painted, A small number of the branch leads were tinned 
and insulated with rubber, which later proved to be of very 
inferior quality. The wire for the portable deck lanterns, and 
engine-room portables was twin conductor, two. fine, flexible 
wires a surrounded by gutta percha covered with jute 
braiding. This wire was very unsatisfactory as the gutta 
percha hardened and became brittle in cold. weather so that it 
cracked off, and in warm weather softened sufficiently to allow 
the wires to come into contact with each other and cause a 
short 

‘The mains were ‘fitted with numerous cut-out boxes 1 trom 
which three or four lamps, were controlled. The boxes were 
fitted with fuses to Protect the mains. 

More trouble was experienced from defective wiring. on the 
Trenton than from any other part of the electric plant. Salt 
water was as great an enemy to her simple plant as it is to our 
complicated systems of to-day. Wires were frequently found 
entirely corroded through from the action of the salt water 
and the copper reduced to a greenish powder. The resistance 
of this powder was high enough so that with the ordinary cur- 
rents flowing which would not blow a fuse, enough | heat would 
be generated to set the moulding on fire. 
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‘The Edison lamps were fitted about the ship in ceiling fix- 

tures, bulkhead standing” lights, electroliers, and bracket ' “fixe 
tures, very much as they are to-day. ' Reading lamps and a 
cigar lighter were furnished for the wardroom. Portables 
were furnished for use on deck, in staterooms, and in the en- 
gineer' department.’ ‘Running lights, anchor lights and gang- 
way lights were fitted. The running lights had two lamps in 
each’ box, fitted with a relay which Would cut in the second | 
lamp if the first one failed. ‘This automatic feature’ ‘was not a 
success, however. 
A night signalling set was ‘devised, using deck Ianterns. 
Two lamps were hung a certain distance apart, depending on 
the distance of the ship to which the signal was made, and con- 
nected to a keyboard with two keys. By pressing one key, 
one lamp was lighted, and by pressing the second key, both 
lamps were shown. By means of the Myer code, signals could 
be sent accurately and tapidly. 

“An illuminating set for the quarter ‘deck was oltre by 
stringing one hundred sockets on a cable. This set was tried 
out on July 4, 1884, and contributed materially to the bril- 
lianey of the occasion. 

A deep-sea lamp was fitted up with eighty feet of cable for 
use over the side, 

The lamp sockets were secured to the fixtures by get screws, 
as were the shade holders. They frequently worked loose, 
due to vibration. One wire inside the lamp socket was soldered 
into the ring into which the lamp base screwed. This soldered 
joint frequently carried away. 

On the trip across the Atlantic soon after the lighting set 
was installed very heavy weather was encountered and the ship 
worked a great deal. This caused considerable trouble with 
the wiring, but the fuses prevented : serious damage. 

“Many of the lamp sockets were attached to the fixtures with 
spiral springs, and the mortality of lamps in these sockets was 
much less than in those rigidly s screwed to the fixtures. bate 7 
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Many lamps gave a life of over five thousand:hours; -Much 
. of this longevity was due to operating the lamps.at a lower 
candle-power than their rating ; life. being obtained, at the ex- 
pense of efficiency. At first the expenditures’ of lamps, was 
very high, but it was reduced. as witness: 


Lamps expended third quarter 1884 
Lamps expended fourth quarter 1884 


Lamps were lost from various causes. Of the last fifty 
lamps expended, five were of defective construction such as 
bad connection of the carbon filament with the copper wire 
inside the lamp, and broken wires inside the plaster of Paris; 
fifteen were accidentally broken; and remainder broke down 
from short circuits and inherent defects which shortened their 
life. 

The objection to electric lighting on account of its not 
standing the shock of gun fire proved ill-founded. During the 
first quarter when target practices were held not a lamp or 
shade of the electric plant was removed, and but one lamp 
was broken. This lamp was eighteen inches from the breech 
of a gun when run in and was not fitted with a spring fixture. 

The successful operation of the electric plant on the Trenton 
was due to the constant supervision of the officers in charge 
of the equipment. Ljieut.-Commander Bradford, who super- 
vised the installation of the plant and who was in charge at 
first, and Ensign E. H. Tillman (now Comdr., U.S. N., Re- 

tired), who succeeded him, were indefatigable in their efforts 
- to keep the plant in efficient condition. They made many 
valuable reports which formed the basis of specifications for 
the generators, wiring and lamps for subsequent electric plants. 

The lighting of men-of-war by electricity was proven prac- 
ticable, and the experiment was such a success that the ques- 
tion was settled i in our service. 


| 

| Lamps éxpended Second quarter 1884... 
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The Trenton was re-wired in 1887 at the end of her crtise, 
great attention being paid to the insulation. of the circuits. 
Thirty-nine new lamps were added, and the fixtures repaired 
and re-polished. The and were in 
lent condition. 

The plant continued in until 
was lost in Samoa in March, 1889, the dynamo continuing to 


run until the fires under the boilers were extinguished by the 
incoming water. 
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THE RADOJET AIR PUMP. 
By M. C. Stuart, AssociaTE, AND ARTHUR H. SENNER. 


The use of the steam ejector type of air pump in the United 
States Navy and the Merchant Marine Service of this country 
is becoming increasingly general. 

Before the war the use of the ejector air pump in connection - 
with a condenser was regarded with some doubt; in fact, so 
great was the feeling of uncertainty regarding the dependa- 
bility of this extremely simple innovation, that very often when - 
the ejector air pump was accepted for use it was installed 
alongside of a reciprocating air pump which was considered 
more dependable. In most installations of this kind, however, 
the steam ejector pump proved to be entirely satisfactory. _ 

‘During the war when manufacturers could not meet. the 
increasing demands for marine auxiliaries, the. steam ejector 
air pump was substituted quite extensively for the reciprocat- 
ing air pump which required more time and material for its 
construction. The service which the ejector air pump gave, 
due to its, reliability, simplicity and compactness. removed al- 
most entirely any prejudiced ideas which had previously ex- 
isted concerning its practicability, This type of air pump is 
now accepted as standard equipment in the United States 
Navy, and, in fact, is the only air pump considered in the latest 4 
capital ships, 

Since 1915, a number of steam air ejectors ot various ; types 
have been tested exhaustively at the U. S. Naval Engineering 
Experiment Station, Annapolis, Md., under authorization of 
the Bureau of Engineering of the Navy Department. These 
tests show that the various improvements which have been 
made from time to time by several manufacturers have re- 
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sulted in steadily increasing efficiencies. Herein are given de- 
scriptions and results of tests of two Radojet Air Pumps 
manufactured by the C, H. Wheeler Company, 
which show high ‘efficiencies. | hs 


DESCRIPTION ‘OF PUMPS. 


The steam ejector type air pump is a compressor in which 
the fluid.to be compressed is entrained by one or more jets of 
‘steam, which move through the entrainment space at a high 
velocity. The entrainment of the fluid to be removed is ac- 
complished by the surface friction of the steam jets and’ sur- 
rounding fluid. The kinetic energy supplied by the’ steam jets, 
and contained in the mixture after entrainment, is converted , 

into pressure in a channel called the diffuser.’ The fluid to be 
’ removed from a condenser is air saturated with water vapor. 

Both of the pumps tested were of the two stage type, and 
similar i in general design, differing in ‘only one principal fea- 
ture; one had an intercondenser between the first and second 
stages, while the other was of the plain two stage type. 

‘The external appearances of the pumps are shown in the 
photographs, Figures 1 and 3. Cross-sectional views of the 
pumps are shown in Figures 2 and 4. Referring to Figure 
2, the view of the inter-condenser Raddjet, the following de- 
scription explains the various parts and their particular func- 
tions. This ejector air pump consists essentially of two ‘steam 
jets arranged i in series, and with a condenser interposed, ‘The 
work of compression of the fluid from the condenser is divided 
in unequal parts between the two jets or stages. The ejector 
is intended to remove only the air and non-condensible vapor ; 
the condensed ‘steam being by a Sep 

“Referring to Figure 2, the operation i$ ‘as follows: ‘The 
in the first stage results from the expansion of the steam 
through 19 convergent divergent nozzles Nj. The ait to be 
compressed enters at S into the suction chamber of the first 
stage, is then entrained by the steam’ ‘jet, emerging from the 
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Cross-Sectional View of the Radojet Vacuum Pump. — 


Fic. 4.—Sectiona, View or Rapoyer witHout INTERCONDENSER. 
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group of nozzles and compressed to the pressure in the inter- 
condenser. The mixture of air and steam is delivered into the 
chamber B and passes downward through the condenser tubes 
t, forming the first pass of the inter-condenser, around which 
is circulating the cooling water. The condensate falls into 
chamber C, while the air and remaining steam continue their 
passage upward through the condenser tubes ¢ of the second 
pass, where the mixture is further cooled and more steam is 
condensed; All condensate drips downward through the drain 
tubes d into the chamber C. The air and remaining. steam 
descend through.the tubes ¢ of the third pass from chamber 
E into chamber F, the condensate passing off through drain 
tube d. Finally the air ascends again through the fourth pass 
of tubes ¢, any remaining condensate dripping downward and 
passing off through drain tubes d. Any condensate collecting 
on the upper surface of the tube sheet runs off through the 
drain tubes d,-which at the lowerend have a water seal, thus 
providing separate channels for the ascending vapor:and: the 
descending condensate. The condensed steam’ which passes 
off through the drain pipes p returns to the main condenser by 
way of a condensate trap shown jon Figure 5. The mixture 
of cooled air and non-condensible vapor remaining after pass- 
ing through the inter-condenser is drawn into the second stage 
and compressed to the exhaust pressure. 

The second stage steam jet results from the expansion of 
the steam through a single nozzle, but the entrainment sur- 
face of the steam is increased in a novel manner, which is the 
distinctive feature of the Radojet Air Pump. This feature 
is more clearly shown in detail in Figure 4. An element or . 
nozzle point 12 is introduced into the nozzle throat 11 and - 
thus forms an annular expansion nozzle. This form of nozzle 
causes the steam to spread.out into a disc shape and in a direc- 
tion which is perpendicular to the axis of the steam nozzle. 
This permits of an enlargement’ of the entrainment surface 
for a given mass of steam and also allows both sides of this 
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4g 
disc-like jet of steam to entrain the air in passing actoss the 
second stage suction chamber 9. The steam and entrained air 
then pass into the annular diffuser.14, thereby compressing the 
mixturé to the exhaust pfessure. The mixture’ of ait and stedm 
discharges into the casing 15, avhich has: the discharge operting: 
D. The mixture discharged at Dh ‘may ‘be delivered into 
tank supplied with fresh water for. boiler feed,: as diagram- — 
matically illustrated in Figure6.) 4 
The method of installing this ejector on board ship is shown 
in Figure 5. The ejector is ‘connected to'the condenser so that 
it will withdraw the air and the vapor whichis noncofidensible 
at the temperature and pressure existing at-the, pump. ‘sfaction 
of the condenser. A separate condensate pump 1 is ‘provided to 
remove the condensed steam from the condenser. “Thee jector 
discharges into a.‘ Féed and Filter’ Tank ” shown on Figure 6; 
us the heat: ‘value of the: ‘steam from the se iP stage nozzle 
fs utilized by heating the’ feed-water,) pet is also ignportant. to 
hote wthat by circulating the condensate: the; main con- 
ser around the interscondenser tubes the heat Gberated by 
the first stage steam in. being condensed i is taken up by the con- 
densate and thus saved.’ Thus it is seén that ‘with’ suitable in- 
: stallation.all the heat i in th¥ steam supplied te the ejector which 
is not utilized in performing the use! work’ of compression 
~ of the fluid may be saved by the economizing method.’ __ 
The Radojet” “Air Pump without inter-condénser shown 
in Figure 4 is very similar in design to the: ‘inter-condenser 
Radbjet A Air ir Pump-deseribed above and ‘the one description 
will, serve for both pumps with the omission of t tbe inter- 
condenser description. 
oF INSTAIEAMION 0 ON BOARD SHIP. 


of either. Radojet Air Pump for marine 
surface condensers is. diagrammatically illustrated in Figure 6. 
This figure shows the feed and filter tank, previously referred 
to, which receives both the condensate from the main con- 
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denser, andthe discharge from the ait ejector. Under ‘ordi- 
nary operating conditions, the mixing of the condensate and 
air pump discharge produces a certain water temperature, 
depending upon the amount of’ condensate available. How- 
ever, the continued operation of the ejector when the main 
engines or turbines. are stopped would result in excessive heat- 
ing and boiling of the water in the mixing tank. To prevent 
this, an automatic thermal-control valve is used which, when 
the temperature in the mixing tank exceeds a certain value, 
causes the hot water to be drawn from the mixing tank into 
the condenser, where it is cooled and returned by the con- 


 densate pump to the feed and filter tank, thus preventing any 


excessive rise in temperature when the exhaust ‘from the main 
insufficient condensate: 


GENERAL ARRANGEMENT FOR TEST, 


“i Figure 7 is shown the general-arrangement for test: The 


method used for testing the Pe rpougst was developed to — 
the following features : 


“(ay Exact duplication of condenser conditions at t air ejector 
entrance. 

(b) Positive control of air quantity. 

Exact measurement of air quantity. 

(a) Positive and convenient control of temperature and ait- 
moisture ratio of mixture entering ejector. : 


With the arrangement no. ait could handled 
by the ejector, without its having entered by way-of\the stand- 
ard air orifice shown on drawing; also, it is possible-either 
supply dry expanded atmospheric air, tothe ejector; or, the 
expanded atmospheric air, may; be saturated with, water, vapor 
at/ any, desired temperature; before entering the ejectory; 

_The steam. line to the ejector, is,shown onithisifigure. »/The 
pressure and temperature of steam, are;measured-ab each stage. 
Calorimeter, samples are taken the steam: line just ahead 
of the valves controlling the pressures at the two stages. In 
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otder prevent the accumulation of foreign matter in. the 
nozzle strainers. were game, in, the, As shown, in 
The stiontrolled and. with as follows : 
The. atmospheric air enters the humidifier through-a standard 


calibrated air orifice..of a given capacity. The air is,,then 


divided irito fine:streams by passing through a perforated. disc 
placed in’ the line and, held between two flanges as shown. on 
the sketch... This dividing, of the air into. streams. produces 
closer mingling of the air with the. water in the) humidifier, 
thus insuring its becoming saturated with vapor... The humidi- 
fier which,contained water from one-fourth to one-third of its © 
height. was replenished from. the “ water ne tank. for 
humidifier ” shown on sketch. 

An essential feature of the method is the ability to thaintain 
the mixture of air and water at ‘a constant temperature or to 
vary it-as may be desired. This is accomplished by admitting 
steam into the humidifier below the water — as. shown’ on 
sketch. 

Upon leaving the humidifier the air is 
and possibly contains in suspension moisture droplets. which 
should leave the mixture upon entering the separator. . In 
order to control and determine the properties of the saturated ' 
mixture which was drawn into the ejector, measurements were 
made of the pressure and temperature in the separator,. Ww which, 
as is shown clearly on the sketch, is the first stage suction 
space. A’ floating scale, single tube merctiry column and two 
thermometers, ‘the exposed bulbs of which were’ inserted 
directly into the separator space, were employed for measuring 
the pressure and temperature, respectively, of the mixture.” 

When ‘no air was admitted to the ejector, that is, when a 
blank was’ put in place of’ the calibrated ‘air orifice, but! the 
water in humidifier was being heated’ by the admission of 
steam into the water, the pressure at the pump corresponded: 
to of ‘Thus it it was 


iJ 
\ 
: 
dad 
i 
1 
: 


THE RADOJET ‘AIR PUMP: 


447 


that .no) superheat;| existed | in ;the-system; when no,,air, was 
admitted. when» air,; was ,admitted,,and the) water in 
humidifier heated,,as, before, the, total; pressure;:was: higher 
than that corresponding to the temperature at the pump, :for 
saturated steam ; the additional pressure: being due to the: par- 
tial air pressure... The: condition of the mixture: of air)and - 
vapor required. to produce a saturated; mixture, was: ‘werified 
by another criterion, namely, the agreement between the | 
amounts, of water admitted to the humidifier and:that required | 
to. saturate the dry air! passing through the system: at: the exist+ 
ing temperature and: pressure. , Now, from the steam nozzle 
calibration the rate of steam flow was known, and any addi- 
tional amount of condensate from the ejector must necessarily 
result’ from moisture which was’ introdiced at! the humidifier 
to saturate the air at the existing’ pressure and’ temperature. 
With the aid of Figure’ 30; comparison’ was thade betweett the 
excess weights gotten and the amount ‘of water’ required to 
saturate the air, and the comparison in all cases indicated that 
a condition of saturation existed at the pump suction!’ In fact; 
at times excess moisture in the form of droplets suspended in 
the mixture was carried into the pump without, however, any 
later. Bf 
was placed in the line entering the ‘separator, ‘and the other — 
was placed directly at the pump suction pipe ;. both thermome- 
ters registered ‘practically the same température and thus indi- 
caiteda state of uniform temperature in'the systeni 
saturated’ air is compressed’ in thé first stage dnd’ dis- 
elias at'a’certain pressure to the suction space of the second 
stage. \ As is shown on sketch, the pressure at the second stage 
suction was measured by means of a mercury column. In the 
second stage, the mixture’ is compressed to the exhaust” pres- 
-sure ; the’ back pressure being regulated by'a valve placed in 
exhaust ‘line. | exhaust ‘was conducted to a small 
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denser, where the steam discharged from the ‘second stage was 
condensed; after which it was delivered to. weighing tanks. 
The temperature of ~ is’ ‘on 
sketch. 

or expanded air hin te to the 
- ejector by removing ‘all water from the system, that is, the 
humidifier arid separator; and air to enter 
the calibrated orifice. 

-Hygrometric data were wet dry bulb 
thermometers, placed close enough to the ait nozzle entrance 
to obtain fair samples of the air entering the bite 


are DISCUSSION OF RESULTS. 

8 and 9, are tables. showing the data 
from the tests on the inter-condenser Radojet., On. Table 1, 
Figure 8, are tabulated, the runs made with the ejector 
handling dry,expanded. atmospheric air. On Table II, Figure 
9, are tabulated the runs made. with the ejector handling mois- 
ture saturated air. . Information of, importance and interest 
is given, by, runs 53.and 54, 0. These runs were made 


would, adjert,the vacuum main- 
tained by the pump, other conditions remaining constant: » It 
is highly..probable that in the case of a dry-air pump-operating 
in.conjunction with.a condenser;. the mixture drawn: into: the 
pump contains, moisture droplets in, suspension, because of the 
improbability, of, perfect separator, action.within the condenser. 
By comparison with,the performance of the pump om rum No, 
52, in which the pump, handled, the.same amount-of fluid but 
without, any excess. moisture, droplets,,.it is learned, that, the 
ormance is, not impaired by, moderate amounts: of moisture 

Figure. 10. contains, the, steam flow, curyes.,of the. intercon- 
denser “Radojet, as would. he, expected, from, the, law, of: flow 
through, nozzles,,t the flow, is. ‘proportional,ito the pressure. At 
the operating pressure of 100 pounds gage, the steam flow is 
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204 pounds per hour in the first stage and 603 pounds per hour 
in the second stage, a total of 857 pounds per hour. 

Curves showing capacity and steam economy when handling 
dry expanded ‘atmospheric air are given on Figure 11. The 
small numbers at the test points correspond to the reference 
numbers on Table I, Figure 8, The operation of the ejector 
_ with dry expanded atmospheric air has no direct bearing on 
the operation of the ejector as used with a condenser, where 
it handles moisture saturated air. The results are given be- 
cause frequently tests are reported upon this basis, although, 
as will be shown later, the actual performance of the ejector 
on a condenser may be obtained only by means of a test with 
moisture saturated air. 

On Figure 12-are to be found curves of capacity + aie effi- 
ciency when: handling dry expanded atmospheric air based on 
the heat supplied: in the steam above the presstire-of the ex- 
haust, and. efficiency based on the energy supplied through 
adiabatic (isentropic) expansion from nozzle pressure to ex- 
haust pressure. The work theoretically required is based upon 
isothermal compression: of the: air; this kind of. compression 
having been adopted as a standard in order to permit of a com- 
parison with the work in a general type of air compressor in 
which the minimum possible amount of theoretical work re- 

quired is that resulting. from isothermal compression... 

Figure 13. gives. the intercondenser Radojet characteristics 
when handling moisture saturated air. Each curve represents 
a constant ‘quantity: of. dry expanded atmospheric’ air, which, 

subsequent to. its expansion through the air-measuring ofifice 
had been saturated with water vapor hefore reaching the pump 
suction., air quantity.the temperature of the 
saturated mixture was. varied from-60 to: 120 degrees; Fahren- 
heit.. ‘The first cutve at the left gives the absolute pressure at 
the pump when no air was admitted into the system, and the 
éjectcr’ was ‘allowed'to handle ‘only the dry saturated steam 
arising from the water ‘contained in the humidifier. As is the | 
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case in! all:pumps:of the steam: ejector, type, the pressure along 
this line ‘corresponds to the temperatute of saturation for the 
vapor. shape of the curves: of Figure: 13 being concave 
toward the horizontal axis and practically parallel to or at-least 
having the general! shape and direction of the first curve at the 
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left, is obvious’ upon the following consideration, The curve 
at the left represents the pump characteristic when handling 
no air, and the-temperature corresponds tothe pressure of 
saturated steam. Now, as the temperature increases the cor- 
pressure of’ saturated steam: increases and when 
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iG plotted gives the curve as shown: At a given temperature of 
1 mixture at pump, the horizontal distance between the: curve 
Pe of no air in mixture, or the first curve at the left, and any other 
ia curve representing performance with air saturated with vapor, 


is the partial air pressure due’to the air in the mixture. » 
Although the test observations are most conveniently plotted 


it in the form given in Figure 13, the capacity variation is not 
ie so easily studied from these curves. For the purpose of show- 
1 ing relation between absolute pressure at pump suction and 
i air handling capacity, the curves of Figure 14 have been cross- 
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plotted from 13. On this, figure-each curve gives: the 
pressure at pump vs. weight of dry: aif) in ‘the mixture of 
moisture saturated air, with a constant temperature of mixturfe 
at pump suction. Each of these curves intersects: the axis of 
absolute pressure at pump (the ordinate of zero air quantity) 
at a pressure corresponding to the constant temperature for 
each curve, which is the partial vapor pressure, the partial air 
pressure being zero, since there is no air present at these points. 
In order to show the variation in partial air pressure at 
various quantities of dry. air in the saturated mixture, the 
curves of hades 15 have been plotted. These curves, of 


Fic, 15 Arr Pressures Warn Haxoune. A Mix- 


A 
por, 
tted 
Ow- 
Sis 
2.6 
5 
Ort 
or 
OIs- 
‘ 
: 


454 THE ‘RADOJET AIR’ PUMP: 


weight of dry:air in»saturated mixture ‘vs.-partidl 
were’ obtained’ directly: by’ plotting! the. partial: air :pressures 
along the constant:temperature lines of 14) against ‘the 
Although the of an is to ‘remove a certain 
weight of air, a knowledge of its volume characteridtic'is Very 


valuable for ‘certain purposes. | To this end Figure 16 ‘has been 


prepared.’ The volume of dry air handled has ‘been coniputed 


from the dry air characteristic of the ejector, plotted on Figure 
11. This: volume characteristic shows a marked falling off-as 
the pressure decreases, the action in this case being similar. to 


i of a reciprocating air pump. However, an ejector oper- 


yin connection with a condenser never handles “dry air, 
bie always withdraws-a saturated-mixture-of air and- water 
vapor. “Phe “volume characteristic of the. Radajet Air, Pump 
when handling. turated | mixtures im 3 air and. vapor i is entirely 
different from-th it. when y seen ‘from | the 
upper group of Figure’. “Aithotgh; the volume:of 
dry air decreases. with ‘decreasing pressures, it is seen that the 
volume of moisture saturated mixture increases with decteas- 


ing pressure at the pump ‘suction, This is evidently a very od 


sirable-characteristic.- It-is’ “alsocaf interest: ‘to-note 


higher absoltite pressurés, above 3: inches, at the. 
tion the ‘volimes ‘of dry’ gir andiof moisture saturated air ap- 
proach ithe same: value of 24,000 cubic feetiper hour. How- 
everjat the presstirés which the ejector is intettded to operate 
in conjunction with a condenser, which are. from ‘Os ‘to. two 
inches absolute,,.the volumetric capacities of the -ejector.with 
dry air and with moistiire saturated air are quite different. 
This shows the error of the common assumption that a steam 
ejector air pump handles equal volumes, of moisture saturated 
air and dry air at the same pressure at ptimp suction. 
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A comparison of the weight of expanded atmospheric air = 
and vapor saturated air handled is also of interest. On Figure 
17, the full lines show total absolute pressure vs. weight of > 


Tora, AT Pune, Mercury, 


Fic. 17. Weicut CranActensrics, Rapoyer Ar Pump Write 


the saturated mixture handled at various temperatures. The § | 
_ dotted line, crossing the group of full lines, shows the weight - 

of dry expanded atmospheric air handled. Although the gen- 

eral shape of the characteristics are the same, under certain 
conditions the weight of the saturated mixture is greater and 
under other. conditions it is less than the weight of a 
air. 
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Comparing the volume and weight characteristics for a sat- 
urated mixture it is seen that the weight of mixture decreases 
with a decrease of absolute pressure, almost in direct propor- 
tion to the decrease in pressure. The volume of mixture in- 
creases slightly with decease i in pressure as shown in Figue 
16. 

‘The volume, however, is. much more nearly constant than 
the weight, and the apparatus may be considered to be similar 
in action to a displacement pump, with the exception that the 
volumetric capacity of a displacement pump decreases with 
decrease in absolute pressure, whereas it has been shown that 
the volumetric; capacity of the air — increases at lower 
pressures. 

Figure 18 is plotted from results of runs made to show the 
maximum back pressure allowable at different steam pressures. 
It is seen that at 100 pounds per square inch gage steam pres- 
sure at the nozzles, a back pressure of 2.4 inches of mercury 
may be imposed upon the. ejector without affecting the pump 
suction pressure maintained. An increase of the steam pres- 
sure to 110 pounds per square inch gage with the same quan- 
tity of fluid handled by the ejector permits a back pressure of 
5.8 inches of mercury to be carried by the ejector without 
affecting the suction pressure maintained. A still highér steam 
pressure of 120 pounds gage, it is seen a back pressure of 6.7 
inches of mercury to be imposed upon the ejector without 
affecting the suction pressure maintained. It is to be consid- 
ered that the 2.4 inches of mercury allowable back ptessure 
at 100 pounds per square inch gage steam pressure is ample to 
satisfy installation conditions at normal operation. _ a 

Figure 19 shows the result of the investigation of perhaps 
the most important operating characteristics, namely, the mini- 
mum allowable steam pressure at the nozzles for safe operation 
of the ejector. This curve was obtained by increasing the 
steam pressure until‘a maximum vacuum was gotten at the. 
pump with the given constant capacity of expanded atmos- 
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pheric air. From the curve it may appear that 95 pounds per 
square.inch gage is sufficient steam pressure at which to oper- 
ate; but in order to allow for slight back pressure variations | 
as would undoubtedly be encountered in operation, and also to 
insure safety and steadiness of operation, a minimum safe 
operating steam pressure of 100 pounds per square inch gage 
was adopted for the ejector. It was evolved from the test 
that the pressure of 100 pounds per square inch gage was suf- 
ficient for operation. of the ejector throughout its range of 
capacity. From Figure 19, it is seen that no increase in 
vacuum is produced by increasing the steam pressure above 
the standard operating pressure of 100 pounds gage, the steam 
consumption only is increased. It is, however, essential to 
“maintain. this pressure because at lower steam pressures the 
vacuum breaks suddenly and falls off very rapidly. 
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The performance of the plain Radojet ejector without inter- 
condenser, illustrated in Figure 4, is given in Figures 20 to 29 
inclusive... The.performance of the plain Radojet ejector when 
compen’ with that of the inter-condenser Radoj jet 
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both qualitatively and quantitatively, with the single important 
exception that the pump without the intercondenser uses 1,720. 
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pounds ‘of steam per hour, which is almost exactly twice the 
857 pounds of steam per hour used by the ejector with inter- 
condenser. 


The choice of the type to use in a given installation Jedends 
upon whether the exhaust steam is required for heating the 
feed. By circulating the condensate from the main condenser — 
through the intercondenser shell, the heat in the steam used by 
the first stage of the inter-condenser pump is recovered, so that — 
the two types of pumps are on the same basis as regards heat 
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economy. If the exhaust steam may be advantageously used 
for heating the feed, the pump without intercondenser should 
be chosen, especially in marine and naval service, in order to 
avoid the added complications, and greater weight and space 
required by the pump with intercondenser. 

Figure 30 gives curves which render much assistance in any 
analysis involving a mixture of saturated vapor and air. 
Although giving no more information than contained in the 
interpretation of Dalton’s Law, the curves are novel because 
_ of the fact that, by the proper choice of coordinates, they have 
been resolved into straight lines. These curves give directly all 

relations between pressures, temperatures and weights. The 

volume of a mixture at any condition may be computed, and 
is the product of the three following factors: (a) pounds of 

- air present; (b) pounds of vapor per pound of air; (c) specific 

volume of vapor at the given temperature. Volume may aie 
be readily computed from the formula— 


~PV=MRT 


remembering that P is the partial air pressure. - 

_ Inorder to illustrate the function of the air ejector in main- 
taining a vacuum on a condenser, a brief study will be made 
of the action of the steam-air mixture within the condenser. 
For this purpose an example will be borrowed from the excel- 
lent paper, “Performance and Design of High Vacuum Sur- 

face Condensers,” by Gibson and Bancel, published in the 

Transactions of the American Society of Mechanical Engi- 
neers, 1915, P. 975. These writers assume a pound of steam- 
air mixture containing 0,9998 pound of steam and 0.0002 
pound of air as an average entering mixture for a tight con- 

denser installation. The progressive changes which are 
brought about in this mixture as it passes through the con- 
denser are tabulated in Figure 31, and explained in the follow- 
ing paragraph, which is quoted with slight modification from 
the above mentioned paper. 
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At one inch of mercury absolute pressure and a steam tem- 
perature of 79 degrees Fahrenheit the volume of 0.9998 pound 
of steam is 657 cubic feet and the volume of the 0.0002 pound 
of air is also 657 cubic feet, from which its partial. pressure 
is calculated as 1/8000 inch of mercury. This pressure is so 
small as to appear almost negligible, and it would seem that 
such steam could be called air-free. In fact, it is practically 
air-free steam-and.acts as such, giving a high heat transmis- 
sion coefficient so long as the partial pressure of the air remains 
so small. When half the steam has, been condensed, the volume 
will be half and the partial air pressure 1/4000 inch, causing 
a corresponding decrease in the partial steam pressure and tem- 
_ perature, as shown by Figure 31; The stéam can still be called 
pure steam. In fact, about 99 per cent of the steam must be 
_ condensed before there is any appreciable: increase in partial 
pressure of the air, or appreciable decrease in temperature of 
the air-steam mixture as shown by Figure. When 99:per 
cent has been condensed, the partial air pressure is then 1/100 
inch, but the air is still very. rarified and its volume i ‘is still too 

large for removal by a vacuum pump. Thus’a process of: air 
compression must take place after nearly all the steam has been 
condensed, which explains the phenomenon shown-in numerous 
tests in which theré is no appreciable rise in circulating water 
~ temperature in ‘the bottom’ of the condenser. where the air con- 
centration and ‘compression. is taking: place. appreciable 
amount of steam remains :to be condensed, ‘but; still, surface 
is needed to conderise the. small: ‘amount present,’ ‘and: to cool 
the mixture, the heat exchange being gréatly: impeded by the 
presence of the air, The richer the mixture'deliveréd to the 
air pump, | is in air, the. greater the work. to be: ‘perforined by, 
and pangs (other things being equal) the larger this ‘ “inact- 
ive” zone of the condenser. 

Thus it is seen that, in order to remove air from the con- 
denser it is absolutely essential that the temperature at the air 
pump suction be depressed below the temperature correspond- 
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ing to the vacuum. Moreover, there is a definite relation be- 
tween the amount of this depression and the weight of air to 
be removed per unit volumetric capacity of air pump, as shown 
by the diagram of Figure 32, which shows the intér-relation 
among the following factors yacuum, weight of air present, 
volume of mixture, temperature of mixture and air pump suc- 
tion depression. ‘These curves are plotted ftom the properties’ 
of a mixture, air and steam as fixed 
Law, 
For the given the the con- 
densér-entrance is seen at point A, Figure 82, which corre- 
‘sponds to the first column ‘in the table, Figure 31. “As the mix- 
ture passes through the condenser (assuming the vacuum to 
remain constant), the cofidition of ‘the mixture changes along 
the vertical line A-B, where B corresponds to the last column 
of the table, Figure 81. The temperature has been depressed 
20 degrees and the pounds of air per 1,000 cubic feet of mix- 
ture has been increased from 0.0003 to 1.22. The air is now 
in ‘a condition in which it may be removed by the air pump. 
From Figure 16, at 1-inch pressure and a temperature of 59 
degrees the volumetric capacity of the intercondenser Radojet 
is 33,000 cubic feet per hour. It is, therefore, capable of re- 
moving’ 33 1. = 40 pounds of air per hour these 
conditions,” 
For any known of air to removed and air 
pump capacity, the required air-pump suction depression at 
any vaciitim may be determined from Figure 82. For example, 
using a ratio of 1.22 pounds of air per 1,000 cubic feet air 
pump capacity (as in the previous example), but a vacuum 
of 1.92 inches, the required depression is determined at the 
point (C) as 10 degrees. If less air is present, the depression. . 
at a willbe less ‘andvice versa. If no air is 
present, it will be impossible to produce a depression of the 
temperature at the air-pump suction. 
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The depression of the air pump suction temperature, taken 
alone, is therefore not an indication of efficient action of either 
the air pump or the condenser, but is rather an indication of 
the amount of air leakage into the condenser. 

The vacuum which the ejector is capable of sciiiine ihe 
pends upon the amount of air)to be:removed from the con- 
denser, and the ability of the condenser, as a heat: transfer 
apparatus, to condense the steam and produce the ineteneney 
of cooling of the mixture. 
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FLOW OF STEAM THROUGH PIPES AND FITTINGS. 


considerable amount of energy has by 
various investigators ‘to discover the laws which govern the 
flow of steam through pipes. Several years ago Prof. G..F: 


Gebhardt collected and studied all the existing data on this — 


subject and presented the results of his studies in “ Power,” 
June 10, 1907, and later in his “ Steam Power Plant Engineer- 
_ ing.” Prof, Gebhardt found that, although the results of the 
various investigations were presented in widely different forms, 
there was marked uniformity in the results of a number of the 
investigations when the numerous formule were compared 
upon a common basis of notation. From among the various 
formulz proposed, one, known as the Carpenter or Babcock 
formula, appeared to be most satisfactory, and after long 
usage, has proven to be sufficiently accurate for practical pur- 
poses. This formula is 


ya" 
P is the pressure drop, notes per square inch; W is the weight 
of steam flowing, pounds per minute; L, is the length of pipe, 
feet; d is the diameter of pipe, inches; and y is the density: of 
the steam, pounds per cubic foot. While the formula may be 
used in the above form, it is inconvenient on account of the 
long computation required. The solution of problems involving 
the use of the formula is greatly simplified by the aid of charts 
which have been prepared by H. V. Carpenter and published in 
“ Power,” December 17, 1912, and June 10, 1913. Since their 
publication these charts have had wide usage, and their re- 
publication in the present article has been made possible 
through the courtesy of Mr. Fred R. Low, Editor of “ Power.” 


which 


' 
: 
{ 
| 
| 
j 


473 


3 3 
rT 


Wi 


She: 


[=| 
Al 


> 


| 
Sz Sew 
= 
er, nx 
eer- 
f the ; 
aed | 
‘ious LON 
long 
hich 
pipe, 
of ~~] 
y be 
ots 
their 
r re- 
sible 
ver. 
34 


383 


+ 


6 


i. 


> 


L 


Wr 


a 


= 


Be 


L 
7 


: 
E 


tS id 


L 


Absolute Stearn Preseure at Middle of Line, Inches of Mercury 
69 


7. 


Pounds per eq. inch 


474 


fediy 


miy, 
O04 0508 0 | 


FLOW OF STEAM THROUGH PIPES AND FITTINGS. 475 


_uThe Carpenter charts shown in Figures 1 and 2) have loga- 
rithmically spaced coordinates on each of the four sides. The 
vertical lines and the top coordinate represent. the average line 
pressure in pounds per square inch absolute; the horizontal 
lines represent internal pipe diameters in inches as indicated 
on the left coordinate. On the right coordinate are the corre- 
sponding weights of steam delivered, pounds per minute, and 
at the bottom coordinate are-the pressure drops per hundred 
feet of pipe. The oblique lines are guide lines, used in the 
application of the diagram as will be explained. © | 

_ The following examples will serve to illustrate the use of the 

(1) Given, an average line pressure 200 pounds per square 
inch absolute and the weight of steam delivered 1,000, pounds 
per minute. Determine the proper diameter of pipe. Referring 
to the chart, Figure 1, begin at the top-on the; 200-pound ‘line 
and. proceed downward, as indicated by the dotted. line, to, the 
intersection with a horizontal line (shown dotted). representing 
1,000 pounds of steam per minute. Through tke point of inter- 
section A, draw a line parallel to the nearest oblique guide’ line. 
The line just drawn is the locus of. points any, one of which 
may be‘sélected to determine the diameter of pipe to be: used. 
For example, if the maximum allowable pressure drop, per 


hundred feet is 1 pound per square inch, the intersection of the. 


1-pound line with the guide line at the point B°is' found to be: 
between the lines indicating 8 and 9 inches diameter; there- 
fore, 9 inches should be selected as the proper diameter. 
(2) Assuming the same conditions as in problem (1), and 
having a pipe of 7 inches diameter, find the friction drop in the 
line. Proceeding along the ?-inch line on the chart ,to’ the: 
intersection C on the guide line already drawn, then downward, 
the pressure drop is found to be 2.8 pounds per square iftch ‘per 


100 feet of pipe. 
1" In case ‘it is desirous to use the charts for superheated steam the-pressure should 
be such that the density of the corresponding ‘saturated’ Steam is thé same’ as 
that-of ‘the superheated steam. ig the best procedure available; in. the absence of 
experimental data on the friction loss with superheated steam. 
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A‘ 10-inch line'carries steam at’250 pounds; per square 
inch absolute; assuming’ an allowable loss of 1.5 pounds: pres- 
stire drop per hundred feet of pipe, find the quantity of steam 
delivered. Beginning at the ‘bottom of 1.5-pound; project: ver: 
tically tp to the 10-inch line and draw the guide line through 
the intersection D, »"The 250-pound line intersects the guide 
line at the’ point Edirectly opposite from which the weight 
steam is mass at over 2, iad 
minute, 4.4991 

Figure 2 is a to use in the 
design of low pressure lines. Frequently pipe lines are de- 
signed by using certain standard steam velocities as a basis. 
Although 'this is a convenient time-saving method, it can be 
shown to be illogical. Because of the increase in density, the 
velocity head increases ‘with the pressure for a constant ve- 
locity. And as the pressure drop is proportional to the velocity 
head, it also increases with’ the pressure at constant velocity. 
The logical method, then, is to design for a desired — 
drop for the quantity of steam and the pressure existing. 

The subject of pipe fittings, bends, sudden contractions iat 
expansions, and valves requires special attention. The sim- 
plest method of dealing with these conditions is to solve for the 
losses in terms of the velocity head. This end is accomplished — 


by making use of the hydraulic formula h= pp where h is 


the head in feet of steam, V is the velocity i in pe per “second 
and g is the acceleration of gravity, However, the formula 
in this form cannot be used. to advantage in dealing with 
vapors, therefore, the velocity head i is converted into equivalent 
pressure head in pounds per. square | inch. The steps involved 
in making this conversion are shown i in detail in Figure '3, in 
which formula (6) gives velocity head, expressed as pounds 
per square inch, in terms of weight of steam per unit area and 
density. Figure 4 is the graphical representation of formula 
(6) for various constant pressures. It was also found con- 
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Steam, pressure, 1b. per 99. inch baolutes 
V= Steam ft per 
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venient to plot on Figure 4 curves of constant velocity which 
have the!same coordinates as the curves of constant pressure. 
_ Losses in bends, and valves can only be approximated owing 
to the large variety of designs, and formule for small sizes of 
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CURVES SHOWING FRICTIONAL LOSSES IN 900EG. GENDS 
GLOBE VALVES EXPRESSED IN EQUIMLENT 
LENGTHS OF STRAIGHT PIPE. 
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fittings are not applicable to large sizes. General formule 
as proposed by Briggs in Gebhardt’s “ Steam Power Plant En- 
gineering ” are given on Figure 3. Losses due to sudden en- 
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largements and contractions are taken care of by assuming a 
loss of the entire velocity head in each case. The letigth of 
pipe in which the friction loss is equivalent 'to the velocity head 
is obtained by equating equation (5) Figure 3, to equation (7) 
or Carpenter’s formula for friction drop and solving for L in 
_ terms of d, L being the length of straight pipe giving a pres- 
sure drop equal to the velocity head. For the sake of con- 
venience the friction. losses in -bends, -valves,.sudden enlarge- 
ments and contractions, étc., are coriverted into equivalent 
lengths of straight pipe, as shown by formule (10),. (11) and 
(12), Figure 3. For a comparison, the three formule were 
plotted in Figure 5 along with values for losses in.90-degree 
elbows, given by Hunt in Lucke’s “ Engineering Thermody- 
namics.” In order to keep the scale within convenient limits 
the equivalent lengths were expressed in diameters, ~ 

It is desirable to emphasize the fact that, the velocity head 
is the only basis upon which certain calculations in design may 
be properly made. For example, in the case of the steam enter- 
ing a condenser all of the velocity head of the steam is lost. It 
is desirable to keep this loss as low as possible, and probably 
the velocity head should not exceed 0.1 pound per square inch. 
If the exhaust pressure is 1 pound per square inch, absolute, 
referring to Figure 4, itis found that the weight of steam per 
square foot is 100 pounds per minute, fom. which the area 
may be computed. 

The method of procedure to determine the losses in a steam 
pipe system is to employ charts on Figures 1 or 2 for the 
lengths of straight pipeand the curves. in- Figure 5 or the 
formule at the bottom of Figure 3 for the valves, bends, en- | 
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METALLOGRAPHY IN THE DETECTION oF | 
“SUBSTITUTED TEST COUPON. | 


By D. J. McApDaM, Jr., ASSOCIATE, 
Dean: 


Naval Engineering Station, Md. 


The following article illustrates the application of the prin- 
ciples of Metallography to a problem in the inspection of non- 
ferrous ‘castings. In:this case the examination after macro- 
etching was especially helpful in arriving at conclusions. 

A supposed case of a burned-on test coupon from a gun 
metal. casting was received at the Engineering Experiment. 
Station for investigation. ‘The appearance of the junction be- 
tween the casting gate and the test coupon, shown in photo- 
graphs 1 and 2, gave rise to the suspicion that the test piece 
had not been poured as part of the casting which it was sup- 

_ posed to. represent, but. had in some manner been attached 
thereto, 

The object of the investigation carried out on the piece re- 
ceived for examination, shown in the photograph, was to de- 
termine whether such deception had-been attempted and if so 


METHOD OF ‘TEST: 


from’ the horizontal and vertical parts the gate 
and from the attached ‘test piece were analyzed ‘chemically. ° 
The’ gate was cut into smaller pieces for metallographic ex- 
amination. ‘The metallographic specimens were etched and 
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arranged in order so as to show the grain structures in a longi- 
tudinal section through the entire gate. This section was 
_ photographed unmagnified. Some specimens were also photo- 
graphed at various magnifications so as to show the typical 
structures in various parts of the gate and test piece. 


RESULTS OF CHEMICAL ANALYSIS.° 


The results of chemical analysis of drillings from the test 
piece and from the gate are given in Table 1. ‘The test piece 
contains. more zinc anda, smaller percentage of lead 
than the gate. 


TABLE 


bes Gate of casting. 
“Pest Piece || Longitudinal | Vertical por- 
Specimen.” portion. : tion. 
Specimen 2 20 Specimen II 


0.01 


88.71 } 
1.90 
| 


88. 93 


1.02 
9.46 
0.25 
Trace 


88.15 
1.30 
9-70 


gate. 


Trace. 


or SURFACE INSPECTION, 


As ied in photographs, 1 and 2, the test piece which 
includes specimens 1 to 8 and parts of specimens 9 and 10, 
is enveloped at its, junction by metal of the upright part of the 
This appearance of the junction. of the test piece and 
gate is the reason for the. suspicion tht the test piece may 
have been burned onto, the casting... 


Material. 
Copper | 
Zine 
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RESULTS OF MACRO-ETCHING. | 
“On account of the large grain size in such material, the 
shape’ and “orientation of the grains are revealed better by 
study of the “macrostructure” than by study” of the micro- 
structure. The macrostructure of a metal is the structure 
brought out by “macro-etching,” which consists in the etch- 
ing of a comparatively large surface so that the crystalline 
structure ‘and possibly segregation may “be ‘observed on the 
unmagnified surface or at low magnifications. — 

The results of ‘such an examination*of the material in ques- 
tion are illustrated by the photographs, 3 and 4. The speci- 
mens there shown had been polished and etched with chromic 
acid. The specimens illustrated in Figure 1 of photograph No. 
3 are arranged in the same order as in the uncut piece shown 
in photograph No. 1. Figure 1 represents essentially a longi- 
tudinal section through test piece and gate. Figure 2 shows 
three of the same specimens that are shown in Figure 1, and 


also a transverse section through the vertical part of the gate. 


Figure 1 of photograph 3 shows the effect of rate of cool- 
ing on the grain size of the metal. In the thickest part of 
the metallic mass, as illustrated by specimens 13A, 14 and 
parts of specimens 17 and 18, the grain size is very large; 
this is due to the relatively slow cooling of this part of the 
casting. The average grain size diminishes with departure in 
every | ‘direction. from the center of the upright part of the 
gate. 

At the junction ‘of the test piece and gate, however, as 
shown on specimen 9 of Figs. 1 and 2, photograph. 3, there 
is an abrupt change in the orientation of the grains. This is 
illustrated more clearly by photograph 4, which shows speci- 
men 9 at a ‘magnification of about 4% diameters. It will be 
noted that the grains of the casting gate are elongated in a 
direction perpendicular to the junction of the gate and test 


piece. The grains of the test piece near the junction, how- . 


ever, as observed in this and other sections, are elongated 
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radially from the axis of the test pieceas center. In gen- 
eral, there is abrupt. change of structure and in some. regions 
actual discontinuity at the junction. of the test piece with the 
gate. The significance of the structures, revealed by. macro- 
scopic etching will be discussed below. vr 


‘RESULTS OF” “MICROSCOPIC 


‘Typical microstructures of test piece, casting. gate, and. the 
junction of the two are illustrated by photographs Nos. ‘5 to 18. 
Photographs 5 and 6 show typical microstructures of the 
test piece at a distance from the junction of test piece and 
casting gate. 
as cast. The ‘dark, “dendritic cores outline the crystallites 
which were the first to solidify after the ‘metal was poured. 
The orientation of these dendritic cores. is uniform through- 
out each grain, ‘Portions of several grains can thus be dis- 
tinguished in each of these photomicrographs. Between ‘the 
_ crystallites of the alpha solid solution, a few particles of the 
calpha-delta eutectoid are visible at higher magnifications. 
Photographs, 7,.8 and 9 show , typical structures found in 
the casting gate at a distance from the junction with the test 
piece. The 1 micro-structure. is similar to that of the test piece. 
The size of the grains and of the crystallite cores, varies with 
the location in the casting gate. In regions near the thicker 
parts of the gate, as illustrated by photograph 7, the grain 
size is much larger than in thinner parts, or parts near the. 
surface as illustrated by Figures 8 and 
Photographs 10, 11, 12 and 13 ‘show “regions along the 
line of junction of casting gate. and. test piece on the section 
shown i in photograph 4. An abrupt change of microstructure 
and. in some regions actual discontinuity. of the metal are 
found along this junction. It will, be noted that the metal of 
the test piece preserves the dendritic, cored. structure sO no- 
ticeable in other parts of the. test piece as illustrated by photo- 
graphs t and 2. The metal of the casting gate, howeyer, re- 
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tains atthe junction little or none of the dendritic ‘structure; 
the grain size moreover is much smaller’ than in the'test piece. 
The microscopic grains at the ‘junction, ‘as well'as/ the macro- 
scopic grains extending away from the junction are elongated 
in’ a direction’ perpendicular’ to the surface of ' junction.’ The 
significance of: this microstructure, with: what: ‘of the macro- 
be below! 


__ DISCUSSION, OF CHEMICAL COMPOSITION.. 


piece differ in veal to their zinc and lead content. ‘These 
differences are sufficient to indicate that the gate and test 
piece have not been poured’ from the same melt of metal. 
The test piece is somewhat superior to the gate in composition. 


DISCUSSION OF RESULTS OF MACRO-ETCHING AND METALLO- 
GRAPHIC EXAMINATION. 


As shown in the photographs of specimen. 9, photographs 3 
and 4, there is an abrupt change in the orientation of the grains 
at the junction of gate and test piece. Photographs 10 and 
11 show that there is also an abrupt change in microstructure 
and in some regions discontinuity of the metal, at the junc- 
tion of gate and test piece. The results of macro-etching and 
metallographic examination as well as the results of chemical 
analysis therefore indicate that the test piece has, not been 
poured as part of the casting it was supposed to FEDERER 


DISCUSSION oF “METHOD USED IN JOINING TEST PIECE AND 
CASTING GATE, 


Since and test piece fave not been 
poured at the same time and from the same melt, the question 
arises in regard to the method used in joining the test ‘piece 
to the casting gate. Was the test’ piece burned on to the cast- 
ing or was some other method used? In regard to this ques- 
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tion the results of macro-etching and metallographic exam- 
ination lead to definite conclusions, which are based on the 
laws of. crystallization and. grain’ growth, 

The crystalline grains that form during the solidification of 
a liquid tend to grow in a direction normal: to the: nearest 
cooling surface. In other words, the grains grow. from: the 
cooler toward the hotter parts of, the liquid and are elongated 
in the direction of the temperature gradient. For example, 
in the nearly cylindrical upright part of the casting gate, as 
illustrated by specimen 12 of photograph 3, the grains have 
grown from the circumference toward the axis, thus produc- 
ing radial elongation.. In parts of the casting, in which the 
temperature gradient during solidification was. slight, the 
grains are nearly equi-axed. This is illustrated, by. specimens 
3-5 of photograph 3. 

As illustrated by specimen 9 of photographs 3 and 4 the 
direction of elongation of the grains in the casting gate is 
nearly perpendicular to the surface of junction of gate and 
test piece. Evidently the grains have grown from this sur- 
face of junction toward the center of the upright part of 
the casting’ gate. The surface of junction could not have 
served thus as a chilling surface unless the solid test piece 
had already been in place when the casting gate was poured. 
The test piece, ‘therefore, was joined to the casting by pour- 
ing the casting with’ the solid test t piece already i in position i in 
the mold. Sie 

Contact with the solid test piece evidently chilled the molten 
metal of the casting gate below the point of solidification, 
while the test piece itself was not melted even superficially. 
The grain size, however, of the test piece near the junction 
has been enlarged, considerably by. the, heat: :from. the molten 
casting, gate. | This. will.be evident from’ a-compatison! of the 
grain sizes, of specimen 9, and specimen of: the:test piece. 
The results. of.metallographic examination;,as illustrated: by 
photographs 10, 11, 12 and, 13,| confirm: the evidence. obtained 
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by macro-etching. The microscopic grains of the casting gate 
near the junction with the test piece have grown in a direction 
normal to that junction. The absence of. cored structure in 
these grains is due to the chilling contact with the solid test 
piece: The grains have solidified so quickly that sufficient 
time was not available for selective freezing. 


CONCLUSIONS. 


Chemical has shown that this and test 
piece are not from the same melt of metal. 

Macro-etching and metallographic examination have shown 
that the casting and test piece were not poured’ at the same 
time. In other words, the test piece’ was not poured’ as ge 
of the casting that it ‘was supposed to represent... 

Macro-etching and metallographic examination have shown | 
that the solid test piece was already in position in the mold at 
the time when the casting was poured. The junction between 
test piece and casting gate, therefore was obtained by placing 


a solid test piece in the mold 
casting. 
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BETTER BOILER ware” 


In the operation of the a shy here! is 
nothing more important, or that requires more constant atten- 
tion than boiler water. The maintaining of good quality water 
in the boilers, and the prevention of impurities from .enter- 
ing feed water, is a problem that is continually. facing the 
engineering personnel, The more care and intelligence given 
to this matter, the better will be the results obtained with the 
boiler plant, which will befavorably reflected in, the general 
efficiency of the entire plant.. While considerable advance- 
ment has been made in the proper care of water for boilers, 
during the past few years, and the present practices are con- 
sidered generally sound, there is still a good deal more that 
can be done to improve the general operating conditions by a 
_ Stricter and more intelligent enforcement of the present prac- 
tices, and also, by further improvement and development of 
these practices. The principal advancement in the care of 
water for boilers resulted from the development several years 
ago of the accurate chemical test for eosin and alkalinity at 
present in use. 

The subject of boilet water has increased in importance and 
considerable improvement has resulted in practices on board 
ship with the requirements demanded by the trend in boiler 
design and in the use of oil as fuel. Oil burning boilers are 
so frequently and readily forced to a high degree, that un- 
less a good quality water is maintained, quick deterioration 
or damage will result. With the increasing of the rate of 
combustion per square foot of heating surface in boiler de- 
sign, it is evident that the maintaining of a much higher qual- 

ity water than is at present demanded becomes an important 
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necessity."The use of ‘smaller tubes in boilers also demands 
a better quality of boiler water: We then see that the:trend 
of design is leading’ to a> demand for: water in 
order to: get satisfactory results.)) 

Onevof: the ‘difficult things: about in: prac- 
si: of ‘boiler operation is ‘that there is no other subject on 
board ship ‘into which the human element enters. so largely. 
As a result of this, there are bound to be wide divergencies in 
the: results obtained. The human element being so important 
in this respect, the real’ road to improvement is in the educa- 
tion of the personnel along proper lines, necessary: restrictions 
to make all ships conform strictly to the best practices, fre- 
_ quent ‘efficient inspections to see that best practices are being 
followed, and analysis of the operation records at intervals 
to determine the results obtained in comparison with other 
ships. Unless water tests are intelligently and carefully made 
as required, and unless these results are intelligently applied, 
full advantage is not being obtained of the present knowledge 
of this subject. An analysis of the history of boilers in serv- 
ice of the same age and service will show a large divergence 
in the life, condition of the water sides, and cost of repairs, 
which ‘can be directly traceable to the variable tea of care 
given by the personnel to: boiler water: 

Another difficulty that is an obstacle to the 
in practices is that carelessness does not generally make itself 
felt immediately, but at some distant date in the future when | 
the personnel really responsible ‘may have long: since left the 
allowed’ to exist. 

‘Tt is ‘well that the in boiler 
operation’ are: 1—PREVENTION OF 
Economy, 4—RELIABILITY. 

It canbe readily seen that the quality of the: ‘water 
affects factors in operation... As the life of a boiler 
depends’ upon the rate of progress of corrosion, the! preven- 
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or delay. of this destructive action is one of the most:im- 


portant duties of the engineer:personnel on board: ship: | It is 
well. known that the use of pure boiler: water -will' result'in a 
minimum of corrosion. Its »will therefore increase:'the 
life of: the boiler, reduce upkeep cost materially, | give. better 
economy; give the desired reliability; and: maintain’ that: safety 
to the pressure parts which is :so essential. is therefore.an 
essential and highly important matter to strive for pure: boiler 
water. Pure boiler water means water free from impurities 
and since: it is impossible to arrive at’ perfection, this matter 
devolves itself into.one-of degree of purity, 
The -principal-impurity encountered in boiler water on: board 
is sea water, which: of -course is the ever present: bug- 
bear of the engineering personnel, | Sodium. Chloride: which 
is the principal component ‘of sea’ water has a marked: effect 
on:corrosion:» "This: effect! varies with) the Sodium Chloride 
content, or salinity in the boiler water, and, unless the water 
is kept properly: alkaline, will in short order produce, serious 
damage to the water isides: of a -boiler.. :As this salinity) in- 
creases it becomes more difficult to-maintain the alkalinity at 
the proper amount, so with /high: salinity ‘there is. the addi- 
tional hazard of damage from this cause. ‘The reduction. of 
salinity will give a proportionate! reduction in corrosion, so 


. that: the results are with boilers that:are main- 


‘Another: source: of in) boiler: is fresh wa- 
ters obtained on shore in the various ports of the world,..'Wa- 
ter from: shore contains impurities of .varying composition and 
degree depending on the nature of the soil jin: the; territory 
through which» it has passed, these! impurities ‘being: the :dif- 
ferent carbonates; \sulphates, chlorides, ivegetable: acids,! mud, 
air and gases, —E 
water: for boilers ons board,:ship lis: by :dis- 
tilling,; and »by obtaining water. from: shore. )-Thel!prineipal 
source; is:'fromi-distilling by::means ofthe, évapopatingand 
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distilling plant. If-high quality water jis, made, by,. efficient 
operation .this. water is generally. of, higher, quality, than. can 
be obtained '-from shore... There, is considerable variation) in 
what; is thought to be high: quality distilled water and insuffi- 


cient attention has been paid, to this.point. It is considered 


that ‘water can be distilled very readily. on Naval Ships of .0.7 
grain of chlorine per gallon,or less and water of, this analysis 
or, less is, considered very high quality water and more suitable 
for boilers than shore water. Results have demonstrated that, 
with good operation, water carefully distilled is generally about 
0.3.grain,of chlorine per. gallon.or, less and hardly ever going 
over 9.5 grain of chlorine per,gallon, How, many ships pay 
attention to, this point, and; try,to get this, quality water for 
make; up feed? ..Generally, no, attention is; paid to. this: point 


and,they, do, not know. the exact, quality.,of,.water they are 


making, except when the matter comes to, siaiid: sma bi its 


poor quality...) 


many) to,be sufficiently, pure for. use in, boilers, the. great ma- 
jority, of them available at the different, ports, are, not. suit- 
able.and should: be avoided. except; where, a. real emergency 
exists... Even. in the, case,of shore, waters showing a, satisfac- 
tory, analysis, they, will be found) to, contain, a high |quantity 
of, air,and other gases, which also cause, very, serious, corrosion 
in boilers. , If, more information, were available,as tothe qual- 
ity, of these.waters and more. restrictions placed) on their use, 
this source; of scale and corrosion in, Nayal | bgilers, could be 
materially, reduced, if. not,entirely eliminated... In, the case, of 
necessity-of using shore waters, it should. be required that,they 
be; distilled, before use, for feed purposes in} order;; to, insure 
the, jriddance.-of ,impurities, and. eliminate this, possible) source 
of, boiler, deterioration, |. The; practice, of; (water for 
boiler use; from \shore should, certainly, he diseouraged instead 
given: is the! case :at-present. -;Aiimuch 
higher quality, ofjiwatex; cam: be: obtained; by; distilling, by. effi, 
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cient operation; and ‘even though the cost will almost 
variably be more than for water obtained from shore, a saving 
will result in the long'run bya reduction in ‘deterioration and 
cost of repairs.’ ‘Of course if a'ship‘is not able to operate the 
evaporator. plant efficiently, and’ obtain high quality’ ‘water, 
then the use of ‘shore water’ must ‘be resorted 10; asa‘ choice 
of the lesser of two evils, A good many ‘engitieers claim’ they 
are unable to distill as‘ good’ water’ as they can: get’on shore, 
‘and itis this lack of proper knowledge of the matter which 
is responsible for the use of large quantities of shore water 
on board ship!’ It is so miuch ‘easier to obtain water ‘from 
shore than to carefully distil! good water, so why bother with 
distilling. ‘This’ attitudé is taken because they are not aware 
that they can distill a higher quality of water and due’ to the 
fact that the enginéering 
ment to this practice. = 

It has never been clearly brought out vr boiléte: ‘require 
a higher’ quality water than’ is needed for other fresh ‘water 
purposes on board ship.’ This has resulted in some confusion 
and a divergence in practices ‘by the engineering personnel. 
Water that is entirely satisfactory for drinking is not neces- 
sarily. ‘satisfactory for boiler use, in fact’ it may be entirely 
unsuitable. Of course, in the’ case of certain’ waters obtained 
from shore in’ some ports where experience has shown that 
thesé waters are bad for boilers, ‘this fact is known. ‘This is 
only known though in those cases where the water has proven 
to be particularly objectionable. In distilled water ‘there is 
also a’ variation in quality and while water of two ‘to five 
grains of chlorine per gallon is ‘perfectly ‘satisfactory ‘for 
drinking and other purposes, ‘this is’ not'a satisfactory water 
for boilers. If pure distilled water can be obtained for boilers; 
then that is'the quality of water that should be tsed in boilers. 

- Ghips of the Navy are all designed to distill sufficient water 
for ‘all its purposes: ‘including a fairly: liberal allowance for 
make up feed, ’so that there is no real necessity, with favorable 


{ 1 
41 
1 
i 
i 
. 
4 a 
Hi 


3 is 


BETTER BOILER WATER. 493 


operation, toobtain:water from shore particularly for boiler 
use: The present rated capacity of these, plants, is based on 
the distilling of water of 2.0 grains of, chlorine, per gallon — 
which is not considered of sufficiently, high quality, and, this 
capacity should be based’ on| water of Jess than one grain per 
gallon. ‘Water of two. grains,per gallon is not a good quality 
water for boilers, arid the rating should be, made on, a_ basis 
of satisfactory distilled water for boiler use... In the future 
design of evaporator plants a higher capacity should be allowed 
in order to insure a large margin of reserve, water. output: for 


boiler purposes. in order to reduce the necessity of obtaining 


water from shore... This would also afford reserve for quick 
renewal of water in case of high salinity due, fo. a Lied con- 
denser: or other unavoidable cause. 

All. the engineering personnel, on board; are 
with the innumerable ways in which sea water.can. find its 
way into the boilers and are continually on their guard against 
them. The present practices prescribed of testing and check- 
ing to detect leaks into the feed system, if strictly; followed, 
will result in quick detection of leaks and:a minimum salting 
through these causes. By proper design, a: good) many. sources | 
of salt water entering fresh: water have been, eliminated. or 
made fool-proof, The condensers, distillers, feed: tanks, re- 
serve tanks, and evaporated plant cannot be: eliminated: inthis 
way and ‘they require constant and vigilant: attention and 
observation to keep them eliminated as a source of salt water 
entry into the feed system. It canbe readily seen that if the 
engineering plant is kept free from ‘salt leaks ‘into the feed 
water system, then the only remaining source’ of salt: water 
will be from the make up feed supplied by the evaporator plant. _ 
It‘is known that; in the’ operation of an evaporator plant, water 
of ‘varying quality will be made and when the plant is being 
well operated’ that ‘very good water ‘will be distilled. «It is 
also known that even with the most skilled’ operator there will 
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water will be particularly occurring'‘when operating 
conditions are fluctuating. ‘In the'case of less expert operators, 
‘these petiods of making ‘brackish water will occur more fre- 
quently and to'a greater ‘degree depending the efficiency of 
‘the Operator: In other words,’the human element large 
factor in distilling water and ‘cannot be eliminated ; therefore, 
this operation thust be’ given’ considerable caré and attention 
Obtain thé desired results)0! 

On board the'UiS.8. Idaho, after ina 
to keep 'the' boiler water in very good condition, to reduce the 
amount of ‘makeup’ ‘feed’ used, to lead’ to’ economy ‘and ‘mini- 
mun corrosion,’ every: effort 'was"'givén to” following’ closely 
the best’ practices!) The importance of a good’ start: was’ filly 
realized. Every source of leakage’ into’ feed system was elim- 
inated; and? the system was maintained tight) “As tite! went 
‘on it wasdecided the’salinity of the: boilers’ was still:too ‘high 
and*that'the make up’ feed''water in! reserve’ feed’ tanks »was 
résponsible for-this; ‘Phertests of reserve feed tanks, over!a 
period ‘several ' days): would’ show’!a' variable degree: of 
salinity ‘varying: from of ‘chioriné»per gallon ‘to | five 
or More grains per’ gallon. ‘This ;variation im the: quality: of 
reserve’ feed) watet was' soon trated tothe variable operation 
of thé:evaporator plant: /The-practice! Of distilling’ into the 
tteserve' feed’ tahks ‘direct; when; water was) rieeded'for make 
‘up feed, was:used) this being ithe-general practice:on 
naval ships: »It:was: thetiorealized that} insufficient: ‘attention 
wasi being paid to!this matter and that as'a-tesult a: variable 
quality! of »watet:was' being Supplied for boiler! feedi+.Itiwas 
then recalled, that;on several:occasions poor operation of the 
evaporator plant. had ‘resulted -in» the; salting of reserve! feed 
tanks, and the:-bad water had: to she: either pumped: ovetboard 
orused to: wash: out! boilers .being, overhauled,,,, When; it jis 
realized that these tanks,-are, large, about 20,000; gallons;ca- 
‘pacity, and that.a,very:-short, interval of poor operation:of,the 
evaporators spoil.a tank-almost full; of igood quality water, 
the importance of eliminating this source of salt into the boiler 
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feed became: very evident: It was then’ decided not to«distill 
water into the reserve feed tanks, but: to distill: all water into 
the: ship’s:tanks: » After: filling a‘ ship’s ‘tank, the: water: was 
tested to-determine its quality.’ The:ship’s tanks were smaller 
‘and realizing the fact that'as high: grade water was not-needed 
for general ship’s use as wasineeded: for boilers, made this the 
logical decision: In case :of/salting of water a smaller quaritity 
would be lost.and in case:'the water ‘was notiof the best:quality, 
then it could be used for ship’s purposes.:; When it-was desired 
to have; water for boiler feed, the,ship’s tank showing the best 
grade water by test was transferred to the; reserve feed tanks. 
This. practice soon: eliminated. the fluctuation: of the salinity 
of the’ reserve! feed. tanks and produced a very marked reduc- 
tion in the salinity of the boilers, only the highest, quality: of 
-water: being, transferred for;make 
‘The, arrangement of the fresh! water system on: the: Jdaho 

made it,necessaty to make the transfer. at) a special. time! gen- 
erally afterten at night,in order to, prevent: interference with 
the ship’s water:supply. ‘This. method of ioperation,:although 
inconvenient, soon; became reutine| and -onee for all, eliminated 
this! source of: salt. water fromthe feed water. This:practice 
of testing each, ship tank as soon.as:it, was filled: also furnished 
a closer check.on the watch istanders inthe evaporator room. 
While, the. operators, in the evaporatot,room: test» the ‘quality 
ofthe waten|they are! ‘distilling,| this, testing. is only, done. at 
intervals that ,.it, is. ‘never an exact: determination: of their 
output forthe ,watch.,: It is only, human nature that! ini case an 
operator, does make a, small quantity of brackish water by ipodr 
operation, he will attempt to cover it up, realizing that itimay 
affects, the quality, of water, it will:probably-hotibe noticed, ‘and 
even if it:is-noticed, it will be:hard:to place: the responsibility 
on -any| particular,watch: stander: This all: accounts: for: the 
varying: quality, of water made: fromi day today. (Im a plant 
‘about 20,000 gallons: of water per iday, an-analysis' 6f 
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several lots with good evaporator operation, will show a varia- 
tion from less than 0.5 grain of chlorine per gallon to five grains 


per gallon or more, This indicates that during some interval 


of time, depending on its analysis above 0.5 grain per gallon, | 
that brackish water was being distilled. It. will'be found that 
in case of an investigation of this variation that all operators 
will claim that they are sure they made high quality water. 
When) they find though: that the quality of the water’ being 
made is tested carefully by an outsider, and watched by’ en- 
gineer officers, there will result a large improvement: in’ the 
operation of the evaporator plant. ‘When they know that only 
water of less than 0:7 grain-of chlorine per gallon will be-sent 
below for ‘make feed water, all 
this quality water.» 

It might be claimed that small are: in the 
evaporator room which makes it feasible to test water being 


distilled, and that this should be done.’ While this could be 


done, it is not practicable for so many tanks’ are made per 
hour, that it is-not possible‘ to: make the evaporator ‘men do 
this testing! In order to be sure that it is being done, and 
each tank of water satisfactory, it would be necessary: to’ have 
a Tesponsible man, not connected with the evaporator opera- 
tion, conduct these tests. It must be realized that the operator 
is very much interested in his output. ‘If the decision regard- 
ing the quality of water is left entirely in his' hands; he ‘will 
have a tendency to make a decision ‘favorable to ‘his’ output 
particularly when only ‘small variations in quality’ are involved. 
‘With small: tanks it is also considerable additional work to be 
changing the discharge of tanks from one place to atiother in 
case of variations of quality. If these tanks were large ettough 
‘to: hold the complete ‘output! ‘of a watch and this’ water tested 


_ after the watch ofeach operator, this would furnish a complete 


check on the output of each: watch stander, and would’ be ‘an 
ideal arrangement: ‘This:design would require two tanks ‘of 
‘sufficient; capacity to hold the maximum output ‘for the! four- 
hour watch. When the water had been tested and its quality 
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determined, its use could be quickly decided, whether. for make 
up feed, ships’ tanks,:or: to, be. re-distilled... This. would) be the 
arrangement for the evaporator plant design. 

After giving this. problem: some attention, it was. on 
the Idaho, that 'very high quality water could. be distilled; and 
all. that: was needed was to require this quality of water from 
the evaporator plant. The only reason why the best quality 
of water had not been generally obtained, before, was. because 
it was not being demanded and no steps taken, to. determine its 
exact quality: Ofcourse, it is not possible to continually obtain 
the best quality of water and variations, in quality, must. be 
expected. Quite frequently a tank ofwater will show from 
two to five grains of chlorine per. gallon.or. more, ;, While 
this. water can be used for general ship's uses,and is, injevery 
way satisfactory, it could ‘not be used, tog extra. without 
running up the salinity in the boilers. ie 

practice of: distilling water direct: feed 
“ain a variable quality of water has been responsible for 
high, salinity in boilers and bad. salting of reserve; feed tanks. 
This results in the: encouragement,.to obtain shore water to 
keep, down salinity, and, also to. replace shortage, caused) by 
salting of the reserve feed tanks...[f this source of. salt, water 
is eliminated, will any ship. to obtain, shore except 
in real emergencies? . 

The, result) of, this, af, obtaining feed. on the 
Idaho led to .a marked, reduction, in ,salinity,. of., the boilers. 

While. before. adopting this, Practice, it.was difficult to: maintain 
water in boilers at 100 grains, of, chlorine. per, gallon, with a 
tight system, after eliminating this ..source, of , salt.,water, the 
salinity. in the. boilers, was easily, maintained at 25, grains. per 
gallon and. less. . This, reduction. in.,salinity, leads) to., better 
economy. . Less.feed water was required, due. to, less renewal 
of, water.,in, the boilers, ,and:, eliminating \any..necessity for 
blowing, down. This reduction,in feed .water,.was. reflected 
in| the general efficiency, of the entire plant, Less. feed water 
being required, there was a reduction in the evaporator plant . 
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output; reducing the strain on this plant'to 
affording’ alarger available reserve capacityss) 

It is considered that ‘too much latitude is allowed somehete 
fn the present prescribed ‘practices, in regard to the quantity 
of’ chlorine per gallon allowed) inwater ‘in boilers!) ‘There ate 


“no“restrictions or specific instructions covering this matter, and 


as'a'result there is a large divergence in practice. Some ships 
aré able to maintain theit'boiler water at 25 grains gallon 
of 1éss)'Others aré-maintaining 50 grains per gallon, others 100 
grains per gallon,’150' grains per ‘gallon, etc.’ If ‘ships 
can boiler water over long periods at 25. grains ‘per gal- 
Jon, why cannot all other ships be made to follow) foritmust 
show that their practices ate not'as good ‘as-on the ships carry- 
ing-higher quality of boiler water:. If more‘atténtion was given 
t6 this matter, by giving more ‘publicity to the results: being 
obtained on board ships, atid'by thotough inspections‘along this 
Jin to See why there are ‘stich ‘differences’ in conditions;! then 
‘uridoubtedly "all ships'‘would realize*the: importance! ‘of 
salinity ‘and yét biisy aiid’ bring about this| result. This-would 
lead 'to'a général on boardiall ships, 

“ Tease leaky condenser, or other catisé of leakage linto 
thé “feed” systenii;’ ‘the! salinity’in ‘boilers mivunts”'very rapidly 
the-léak In’ these! cases'a good many’ ships 
do not take sufficiently prompt steps to renew 'this:water. While 
‘low salinity‘ may have’ maintained in the boilérs long 
petiod, When'’a’ casualty’ results’ in! high’ ‘boiler ‘salinity,’ this 
Saliflity ‘is’ allowed to”rémain high ‘without prompt steps ‘to 
‘reltew this water) after Correcting the sotirce of leakage. Con- 
cortosion’ iit''the Hoilérs be traced buck’ to these 


‘tion, store promipt ‘Action ‘Would'be taken. “It! cértaitily ‘a 
matter that dertiaitids mdre titgént'action than is at presett'given 
on board! a“ good The! removal! of this high 
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salinity “water should’ ‘be considered’ just as important an 


emergency as the prompt of 
for this condition!’ 

reviewing the early of of. ships, 
it will be found that a good many Ships’ boilers are started on 


‘the dowtiward ‘path’ of deterioration by the shipyards after 


installation, and during the time they’ aré in their charge, be- 
fore delivery to” the Government. This is’ due, of course, to 
lack of knowledge, a certain amount of indifference, and their 


not béing held to sufficiently strict requirements in this respect. 


In the: case of ‘one battleship, careless practices led ‘to’ a serious 
‘condition and'a large repair and overhaul bill, shortly after be- 
‘ing delivered'to the Government: In the case of another battle- 
‘ship, the contractors used ‘the boilers fora‘ few months befofe 
being delivered to the: Government; and they used filtered river 
-water!' Inspection these’ boilers; shortly’ before being’ de- 
‘livered, showed that they contained considerable me ‘and that 
the water had: not properly filtered: 
contractors were required to:clean out this ‘mud; ‘but the 
ions was done in only a half-heatted way, so after commis- 
‘sioning, it ‘was necessary to thorotighly clean the out'of 
these» boilers with: the »ship’s force: work: ‘required':a 


about four months. Had the contractors been re- 


quited to use.a higher'‘quality; water, this-would: never’ have 


happened, .course;;iin) this instance,!:no, evident;-material 


damage, was to, the: boilers, but it cari -be,seen that serious 
consequences, might have resulted. It certainly should: not: be 


allowed. to take new boilers, the most vital part of-thé\¢ngin- 


eering plant, and allow them, to, get/in a state;that requires 
considerable, overhaul immediately, after. delivery. to the ;Gov- 
ernment.,, The.\very,. strictest) rules shouldbe prescribed: and 
enforced to. prevent any possibility, of such resultsy(... 

There is,another source of error, that; may, exist in:the:care 
of boiler water, and that. is in, the analysis of, the water..; The 
instructions, regarding the preparation, of chemicals and the 
methods for are to all and if : 
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followed accurate results will be obtained, From, past-experi- 
ences, with personnel in this, respect, it is realized. that, there 
is carelessness, and that a good many ships do, not get the 
accurate results.that, should be obtained. It is\important to 
have. the. chemicals. properly prepared for making the:tests, 
otherwise inaccurate results will. be obtained, even though the 
tests, are. properly, made,»,. This, is.of considerable importance 


for getting efficient.and intelligent results with hotles: 


‘and should be-given,close attention 
_In.order to enforce. the best practices, a an 
tion system jshould be. established. to visit all, ships frequently. 


This, inspection should check up. the chemicals, being: used. for 
testing, the accuracy of, the tests. made, the condition the 


boilers and the salinity ofthe boilers... This inspection’ should 
also determine whether or not low salinity is being main- 
tained and that the’ best practices are being followed, By pub- 
lishing the results: of the inspection, and the ‘care being given 
to this matter by each:ship, it:could be:compared with other 
‘ships and would lead: to more attention being paid to this! im- 


portant, matter. It would:résult: in a more. intelligent’ and 


thorough application of best practices,” improvement in 
practicesand a reduction in boiler: deterioration and: repairs. 

This’ inspection force ‘could be organized under thé Fleet 
Engineer and consist of a board of officers from’several ships. 
‘This inspection would afford, in addition to checking up ‘con- 


_ ditions on board: ship, an opportunity ‘of readily ‘spreading 


among the personnel of all ships the best practices’ existing’ on 

the different ships inthe care‘of water for boilers, to 

At the present time the proper care of ‘boilers is. im- 


portant’ matter when’ it’ is “eonsidered’ that ‘a’ large numberof 


new vessels have ‘been added ‘to the ‘Navy, ‘arid’a latge number 


‘is still to be added in’ the future, it is’ ‘further 
realized thatthe etigineéring personnel of ‘good marly of 


ships is! ‘inexperienced, bi ‘addi- 
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BETTER BOILER WATER. sot 


fidiial importance. ‘Every effort’ should be made! to educate 
the personnel to take proper care of thése poters Brit? foree 


‘theti? to’réalize their’ responsibility ini this’ matter.” 4 


It has been’ found that inthe ‘care‘of ‘boiler water): the 
keeping! of 'a°“Boiler Water Test! Record” book has ‘been’ of 
great value, and forms a very valuable part of the’ history of 
boilers.’ This book’ shows, very: quickly;'and in an instructive 
form, all data of the tests of water in boilers andthe different 
parts of the feed system, such as condensers, feed tanks, re- 
serve feed tanks. This test.record book, is prepared as shown 
in Figure No. 1. Inthe preparation of this book, instead of 
placing the headings on the top of the page, place them on 
the left edge of the first page, and by cutting the edge of all 
the remaining pages in the book, so that the heading will show 
when the pages are turned over, this one heading will suffice 
for the book. -This will allow for a continual record of the 
test of each part of the plant and places the data in a form 
that is useful in analyzing the results. A leaky condenser 
will affect the boiler salinity and this effect is shown at once 
in this record. The use of a similar boiler water test record 
book is highly recommended for all ships and when once 
adopted, it will soon be found to be of considerable value when 
used in connection with boiler inspection in studying the con- 
dition of the watersides and boiler deterioration. While all 
ships generally obtain all this data in their daily records, it 


- is not placed in a useful form. This furnishes a continual and 


complete record of tests and makes it an important part of 
the history of boilers, Sondehoers, ant other parts of the feed 
system. 

In reviewing this subject, in ciel? it is considered that 
the methods available for. improvement in quality of boiler 
water on board’ ship can be summarized as follows: 

1. Elimination of salt in make up feed distilled, ¥ 

Restriction or elimination of use shore water for 
boiler 
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BETTER BOILER WATER. 


Distillation of shore water. in case for 
purposes; 

4. of salinity ‘allowed i in boiler. 
Education of personnel. to follow best practices, 

Enforcement of, best on all: Ships, by 
and thorough inspections. . 


7. Stimulation of interest, publication of results at 
tices on board. 
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FLOW OF WATER-THROUGH CONDENSER TUBES* 


By L. De Baurre, LINcoLN, ‘Nes. 
and 
~~ Miron C. Stuart, Annaports, Mp. 


_ Members of American Society of Mechanical Engineers. 


In ‘had paper the. anthors give particulars regarding an extended series 
of tests recently comductedat the United States Naval Engineering Ex- 
periment Station at Annapolis, Md., to determine the friction loss of 
water flowing through-54-inch No. 18 gage standard condenser tubes. The 
investigations cévered ‘variable velocities, water temperatures, and tube 
lengths, as well as the effect of hott fresh and salt water. The results 
obtained are presented in t ir form and from them a general formula 
has been derived which gives the total drop in pressure due to entrance 
and exit losses and to frictional resistance within the tube. 


There was conducted, ret at the U. S. Naval Engineering Experi- 
ment Station, Annapolis, an investigation upon the friction loss of 

water flowing through | 54-inch standard condenser tubes of No. 18 gage, 
0.522 inch in internal diameter,» The principal variables were velocity and _ 
temperature of water, and tube length. The investigation also covered 
the variation in friction loss with clean tubes and tubes as received, and 
the effect-of fresh arid’ salt water. The computations were made in such 
a manner that losses ‘at-the tube .ends and along the tube could be sepa- 
rated, the results being expressed: ina general formula. 

2 A number of ‘sections. of 8-inch-iron pipe were asesmbled with 
flanges as’ “in Fig- correspon “number of lengths of 
54-inch condenser oe were obtained;and two brass blank flanges pre- 
pared to serve.as..tube.sheets...Thesé tube sheets could be inserted be- 
tween any of flatiges, thus enabling tubé“lengths of approxi- 
mately 5, 8; 4,17 and 20° feet, to be tested; The tubes were held in 
place by ordinary screwed glands in the tube Sheets, and packed with ‘ 
cotton held between two fiber. washers as shown in Fig. 2. They were 
supported by sheet-irom. ‘disks between the intermediate pairs of flanges. 

3. Referring to Fig. 1, water from the storage tank S was pumped by 
the motor-driven centrifugal’ pump P through the heater H to the con- 
denser tube indicated by the dotted lines. From the condenser tube the 
water was discharged it ‘the'two tanks W, where.it-was weighed before 
age: discharged into the @ pump 

ran_.at, co! ‘ate Ow of water regulat 

T; and T:, was r ted by the valve U admitting steam to the heater H. 


* Paper presented at the Annual Meeting, December, 1919, of the American Society 
of Mechanical Engineers, 29 West 39th “gy ee New York. Reprinted by permission 
~ of and cuts furnished by A. S. M. E. 
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The condensed steam was discharged through O into a trap not shown. 
ig G: and G: served to measure the pressures before and after the 
pa 


4. With each tube length a number of runs were made with distilled 
water at temperatures of 85, 100, 130, 160, and 190 degrees F. and with 
rates of flow up to about 7,500 pounds per hour, corresponding to a 
velocity of about 22 feet per second. ..A few.-runs were first made 
with the tube in the condition as received and at-100 degrees F. The 
tube was then cleaned by pushing through it a small rag which had been 
soaked in. kerosene. After cleaning, the complete set of runs was made 
as tabulated in Table 1. In order to check the constancy of the results 
from day to day, a certain pressure drop and rate of flow were selected 


Length of Tube 
Water Deg Fahr 


6 0 ft 


Ub perSq, In 
THE Errects or SALT AND 
_ Fresh Water Frowine Tunes.» 


Fic, ComPaRIson 


as a standard at each temperature, and the run under these conditions 
was repeated when starting up in the morning. and just.before shutting 
down at night. 

5. After completing the runs with distilled water, which’ began with the 
longest tube and ended with the-shortest.one, the longest tube-was again 
installed in order to make runs with salt_water. and. compare the: results 
with the data obtained fof: fresh water.“ A’ few ‘runs were repeated with 
fresh water and then duplicated’ with’ salt-water at both 70 and 100 de- 
grees F. The salt water was prepared by adding to the fresh water one 
thirty-second’ of its weight of | alt, in order to approximate the normal 


density of sea water. ~~ 
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6. For the several tube lengths it was decided to use entirely different 
tubes rather than to take one long tube and cut off parts to obtain the 
shorter tubes. The results therefore include the variations that are liable 
to occur with commercial tubes of this size and gage. 

_ 7. Thé data observed and the results calculated therefrom are given 
in Table 1. The source of each item in the table is given in the Appendix. 

8. The effect of cleaning the tubes is shown in the curves of Figs. 3, 4 
and 5. As received from the manufacturers, condenser tubes apparently 
offer a resistance to the flow of water from 10 to 20 per cent greater than 
after cleaning them. A more thorough cleaning would probably have still 
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further reduced the-frictional resistance. To approximate actual con- 
denser conditions it was deemed advisable to add about 20 per cent to 
the tabulated results obtained with cleaned tubes. 

9. The curves.of Figs. 6 and.7 show that the resistance. with salt water 
having a salinity of one°thirty-second, equivalent to that of sea water, was 
practically the same -as with fresh water. Consequently no. further cor- 
rections are necessary to apply the results obtained in this investigation to 
condenser conditions on board ship. iS 

10. In order to separate. the loss of head at entrance and exit from the 
frictional resistance through the tubes, there were plotted in Figs. 8 to 12, 
inclusive, the pressure drop versus the tube length for various velocities. 
The points plotted in these figures.were not taken.directly from Table. 1, 
but from faired curves (not included in this.paper) of all runs made. 
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By prolonging the straight lines for each velocity back to zero tube 
re soe there was obtained the loss of head, or pressure drop, at entrance 
and exit. 

11. The total drop in pressure of water flowing through a condenser 
tube may be i 58 by the formula— 


P=P,+P, 
=K,V"% +KeoLV" 


where . total drop i in pounds per square inch, 

= drop i in pounds per square inch due to entrance and exit losses. 
= drop in pounds per square inch due to frictional resistance 

within the tube. 

m, = velocity exponent for entrance and exit losses, 

%2 = velocity exponent for frictional or within the tube 

= tube length in feet. 

K, = factor for entrance and exit tiials, and, 

K.= factor for frictional resistance. 


12/ Theoretically, the entrance and exit losses should vary as the 
square of the velocity. This is confirmed experimentally by the curves 
plotted in Figs. 13 to 17, inclusive, from the pressure drops in Figs. 
8 to 12, corresponding to zero tube length. The yelocity exponent for 
the frictional resistance within the tube should lie between 1 and 2. The 
curves in Figs. 13 to 17 for the loss per foot of tube length were 
obtained by plotting the slopes of the straight lines drawn in Figs. 8 to 17. 
The exponent in all cases was found to be 1.83. 

13. The following values of K, and Kz were taken from the curves of 
Figs. 12 t6 16, inclusive, and are plotted in Fig. 18. 


 «K : K, 
0.0123 0.0052 
0.0111. 0.0051 
0.0107 0.0048 
00007 0,0046 


14.-For clean condenser tubes, standard 54-inch outside diameter, No. 
18 gage, 0.0345 inch thick, and for an average water a ae andy at 90 
dearert F., we may write 


P = 0,0118 v? + 0.0051 LV: 
_where P is the total loss in pounds per square sails V is ithef velocity 
' in feet-per second; and L is the tube length in feet. With very dirty 
tubes the entrance ‘and exit losses would undoubtedly be unchanged, but 
the loss per foot- would be greater. Assuming ‘the latter to be increased 


20 per cent for condenser tubes in the ordinary bg ett for ena 
5-inch tubes No. 18 gage we may write , 


P = 0.0118. V? +..0,0061 
Expressing the resistance in feet head of water, we have 
H = 0.0274 V? + 0.0141 LV!" 
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APPENDIX. 
SOURCES OF ITEMS IN TABLE I. 


Irexs, 
1. Reference number. 
: For reference. 
2. Dates. 
From records taken during run. 
, 3. Duration.of run, minutes. 
From records taken during run. 
4. Room temperature, degrees Fahrenheit. 
From thermometer readings taken during run: 
5. Tube length, feet. 
From measurement. 
6. Tube diameter, inches. 
From measurement with micrometers, checked by of 
water contained. 
7. Temperature of. water inlet, degrees Fahrenheit. 
... From thermometer readings taken during run corrected for cali 
bration error. 
8. Temperature of water outlet, degrees Fahrenheit. 
From thermometer readings taken during run corrected toe ant 
bration error. 
9. Average temperature, degrees Fahrenheit. 
Average of inlet and outlet temperatures; Items 7 ari 8. 
Pressure of water at inlet, pounds per square inch. - 
From gage and mercury-column readings corrected for calibra- 
>> tion error. 
11. Pressure of water at outlet, pounds per square inch. 
From gage and mercury-column readings corrected for calibra 
‘tion error. 
12. Pressure drop, pounds per square inch. 
Item 10 minus Item 11. 
13. Weight of water during run. 
From readings on calibrated scales, 
14. Velocity of water, feet pe 
Calculated from V=O/A, Qi is in 
cubic feet per second calculated from Item 13 and a density corre- 
sponding to the average temperature (Item 9), and A’ is ‘the area 
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HIGH-SPEED CRAFT DURING THE WAR. * 


To be able to move quickly, apart from its utility, has always a 
charm, and the advantages of high speed in warfare are so evident that it 
is hardly necessary to emphasize them. A higher speed than that of the 
enemy gives the advantage of position, and also the power of accepting 
battle or not, so that full advantage may be taken of any superiority in 
armament, or if the enemy has the see Aitkin: idea it is possible 
to keep out of his way. :.. 

Speed, however, cannot be ‘ohtamed witha paying the price, and 
whether it is the rate at which one lives, or the speed of an express train 
or the speed of a vessel, in every case something has 'to’ be sacrificed - ‘in 
order to obtain what is desired. The amount of energy at our dispos 1 is” 
limited, and if we want to move quickly we must reduce the resistan to 
a minimum and utilize the maximum’ energy. 

I have had the honor of being associated .with Messrs. Yarrow: ‘during: 
the whole of my career, and consequently my description in this paper of 
high-speed vessels is limited to what has been accomplished by this firm. 
I am quite sure that Sir’ Alfred Yarrow and°Mr. Yarrow’ would be the 
very last to refuse a tribute to what has been done by other firms and 
individuals in the development of high- speed vessels.’ 

One of the most renowned firms in this country is that’ of Messrs. 
Thornycroft;:iand:. the’ development of high-speed vessels owes much to 
the bold advances which have been successfully made by that firm from 
time to time, both in design and in taking advantage ‘of ‘the ‘best avail- 
able materials. . Not:only did they’ build many high-speed destroyers during 
the-war, but they evolved a most successful high-speed: coastal: motor boat. 
The feats accomplished by these coastal motor boats are some of ‘the most 
remarkable: of, the war. Any results; which may have been obtained by 
them are, in the first instance, due to the skill and endurance of the of- 
ficers and men of the Navy, but Messrs. Thornycroft deserve the highest 
praise for, designing ‘and such worderful craft.: 

Mention might .also be :made of the splendid work: done in the: early 
days by .M. ‘Normand, the great: French: designer, our®friend ‘and rival. 
_ As an instance of business chivalry it might be of interest to:you to re- 

late an incident which happened many years ago when rivals were strug- 
gling to be the: first to: obtain 930:knots, and end: it came 'to’a neck 
and neck race between the firms of Normand and Yarrow: :“The ‘Yarrow 
boat was finished first, and of: trial: obtained: the coveted speed: of 30 
knots. Concerning this performance the first congratulatory telegram re- 
ceived by Messrs. Yarrow was from M. Normand, and: it is a telegram 
which we prize more than any. other received ati the:time, ©: 

The title of the paper .is “ High-Speed Vessels: during the War,” and 
this enables me to:draw attention to the splendid: work done by passenger 
vessels, by high-speed steam yachts; by racing vessels of all kinds, and by 

hydroplanes, and. it: will be agreed. that; the lessons 'learned in:some of 
these sporting vessels have.advanced our knowledge in.a most useful way. | 
_ In acknowledging the magnificent work which has been achieved by 
other builders of destroyers, the worker in science, and the pioneers in 
the various fields of industry, such as steelmakers, makers of turbines, 
and makers of auxiliary machinery, should not be forgotten, all of whom 
have contributed to making high-speeds possible. 

In the design of a high-speed vessel it is necessary to make’ a careful 
study of the conditions under which she has to operate. A vessel for a 


read were the Institution of Engineers and Shipbuilders in Scotland, 
te te Mr. W. W. Marriner. 
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shallow -river is quite’a different’ proposition from a’ vessel operating at 
sea, and again a high-speed vessel which has'to operate on a‘short radians 
of action» is! very different: from one ’which ‘has’to operate at’a great dis- 
tance: from its base. The governing principle, however) remains the sattie, 
namely, resistance must be’ reduced to ‘a) minimum and power’ must be ob- 
» Consider, first of all; the question of weight, which is a large’ factor in 
résistance. »-It: may’ be divided into weight of hull, weight of! machinery, 
weight .of crew and armament; and weight of fuel: The weight of arma- 
ment is'fixed by the military authorities’ (especially’ those of ‘the enemy) 
as it is! useless to get into a position to 'strike’a blow, unless on arrival the 
blow can be made effective. 
 The:total weight is largely influenced by the all-important ‘consideration 


of cost, Having determined the total displacement it is then’ possible to 
allocate what weight can be allowed for the hull and for the machinery 
respectively. If the vessel has ‘only’ to’ make short ‘raids and return imme- 
diately to her base, then it is obvious that the scantlings of the ‘hull and 
the accommodation for the crew can be reduced, ‘because the vessel can 
choose the weather in which she puts ‘to sea, and the ¢rew can put ‘up with 
fair’‘amount of hardship for a short period. 
‘In. the late ‘war’ the Germans made ‘full use! of this condition, and: their 
destroyers used to put to sea with a minimum of fuel and outfit on ‘board, 
with. the consequence that in’ many ‘cases they were able to: otitdistance 
British vessels which had naturally to be prepared for keeping ‘the sea 
for an indefinite period in all kinds of weather. 
Génerally speaking, ‘in ‘the modern’ destroyer the distribution of weights 
is approximately as follows 


_ Having. settled the weight which 


: ‘an be allowed for the hull, one can 
decide the dimensions of the vessel. For speed the important dimension 
is the length, for stability. dimension is beam, and for 
strength the important dimension is depth. The length is, therefore, in- 
fluenced by its relation to the beam and depth of the vessel, and it is here 
where the skill of the naval architect is shown by obtaining the very best 
compromise as regards the dimensions to be adopted, always keeping in 
view the special service for which the boat is to be employed. ' A vessel 
which has to be constantly employed with a fleet, and whose speed is de- 
termined by the senior officer of a larger ship, should be’made stronger 
than the, vessel, which will only have to act independently or with ‘vessels 
of. its own class, when the senior officer of the flotilla is himself experi- 
encing the, shocks caused. by, waves. Even in a comparatively calm sea 
there is.a certain. speed for every vessel where the synchronism’ of the 


waves with, pitching might become serious. 
“Much, can be done by arranging weights relatively to the buoyancy at 
any, part,,so; as to reduce the and present-day lightness 
in hull construction has been attained without any sacrifice of strength or 


decreasing the factor of safety, by a scientific study of the stresses in- 
volved and the best disposition of the material. 
- Having, decided upon, the dimensions of the vessel, the ‘next img 


consideration is.the form of the under-water hull, and in this connection 
tank experiments. are valuable; 
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that twenty years ago it. was necessary to:go to'Germany in order to have 
tank experiments carried out, although there! were ‘private tanks in this 
country. which, however, were not! available for: public use. The:form of 
the .vessel.is important not only. from the point of view of ‘reducing the 
resistance of the hull to a minimum, but also to ensure that’ the ‘propeller 
works with the highest possible efficiency, From tank: experiments it is 
possible: to form a close estimate of the’ power required: to:drive the ves- 
sel, and for a given speed it is just.as important not to over-estimate the 
power as it is not.to underestimate it, because the weight of the machinery 
may be taken to be proportional to the power, and excessive weight of ma- 
chinery means a load to be carried increasing also the weight of the hull, 
and thus doubly reducing the speed. eg “aot 
Possibly sufficient attention has not been paid to the underwater’ form 
from the point of view of obtaining the highest propeller efficiency, espe- 
cially in. vessels where the. power is proportionately very large.! is-well 
known that.at high speeds the propeller is one of the most inefficient parts 
of the propelling installation, Models have been equipped with propellers 
driven .by motors installed on the model and a measure’ taken of the 
Power required by the motors, Naval architects in this country at one 
time would not place much reliance on results obtained in thisway,.but 
owing to the researches.carried out by Mr..R. E. Froude at. Haslar, and 
Mr. Baker at. the. William. Froude. National Tank, Teddington, means 
have been perfected by which accurate investigations can, be made, and 
experience has proved. that the. methodsadopted by them are. sufficiently 
accurate to form a reliable guide. As long ago as 1903 Sir Alfred Yar- 
row advocated..a flat-bottom stern for,a destroyer in order to.increase 
the propeller efficiency, and H.M.S. Garry may be looked upon. as an. early 
example of this type of stern for destroyers. The resistance of the hull 
is hardly affected as compared with the ordinary round-bottom stern, but 
the propeller efficiency is increased to a remarkable extent, a’ knot’ more 
speed being obtained for the same expenditure of power. SIS. TY ‘ 
Having fixed on the weight of the hull’ and ‘machinery, the designer is 
then in a position to say how much weight can: be allowed for! the arma- 
ment and fuel on a vessel of certain displacement. The importance of 
weight on a modern destroyer may be illustrated by stating the fact that 
for every pound weight thrown overboard the vessel will be 1% inch fur- 
ther ahead each hour, or for every ton weight saved half a length of the 
ship will be gained in an hour’s race. 
The relationship which exists between the various parts is one of the 
most, important factors in the success of a destroyer, not only from ‘the 
point of view of speed, but also from the point of view of seaworthiness. 
Any Government Department is in an unfavorable position in’ this re- 
spect as compared. with a private firm, because in the latter there is’ one 
head who is in a position to settle what he considers to be ‘the best 
compromise. Sometimes the hull has to be cut down, and sometimes the 
machinery, and sometimes it is necessary to say that the armament is’ not 
suitable for that particular size of vessel. In firms who make their own 
designs it has been noticed that every now and again a design ‘is‘artived 
at which gives results far ahead of what has been before obtained’ For 
instance, in 1894, Sir Alfred Yarrow constructed the Sokol for’ the ‘Rus- 
sian Government, which was a, vessel 190 feet long by 18° feet~6 inches 
beam, with twin-screw engines of a total’ indicated horsepower ‘of about 
4,000 and Yarrow water-tube boilers. Her armament comprised’ ‘one 
75-mm..gun, three 47-mm. guns, and two deck torpedo’ tubes. was 
the first, vessel to attain a speed on trial of'30 knots, and this result was 
obtained principally, by the adoption of boilers, and’ ‘High-ten- 
sile steel in the construction of the hull. is‘ special steel Hada tensile 


| 


1 
y 
4 
y 
1 
t 


ae 


NOTES. 523 
strength of from 37 tons to 44 tons per square inch, and an extension of 
not less than 15 per cent in 8 inches for plates 3-16 inch thick. Its appli- 
cation permitted a reduction in thickness of 12 per cent below that of the 
anild steel previously used, withesuch a saving in weight of hull that an 
extra knot was added to the speed» All the stanchions were made hollow, 
pressed steel was used wherever possible instead of cast metal, and for 
cabin fittings aluminum was adopted,-all-in-order to save weight. She was 
built at the same time as other destroyers:which had a difficulty in ob- 
taining 26 knots. 

The Sokol was gradually improved upon in future designs. Keeping as 
near as possible to the same relationship of weights and form, and tak- 
ing advantage of every modern improvement, what was considered one of 
the very best vessels they ever built, namely, the Mode, was constructed 
in 1902 for the Swedish Government. She was 220 feet 3 inches long by 
20 feet 6 inches beam, and had four Yarrow boilers, and twin-screw re- 
ciprocating engines of a total indigated horsepower of 6,400. The speed 
realized on the official trial was nearly 32.5 knots., For the size and power 
this was a remarkable result, especially as it was obtained when burning 
coal under the boilers. a i 

The adoption of oil fuel was-perhaps the next great step forward in 
the evolution of destroyers, and an enormous amount of credit is due to 
the Admiralty Experimental Station at Portsmouth, which brought oil- 
fuel burning apparatus to the perfection..which is now known. ‘One 
cannot help feeling that there must be some ‘engineer officers whose 
names ought to be made public so that due honor might be paid them for 
their work in connection with one of the greatest improvements for war 
vessels, especially as it placed this country far ahead of the rest of the 
werld for many years. 

In 1910 the Admiralty, at Admiral Jellicoe’s initiative, gave Messrs. Yar- 
row almost a free hand to do the best they could with a certain sum of 
money. The result_wasS an outstanding design from which the Firedrake, 
Lurcher, and-Oak were built. Their dimensions were 255 feet long by 25) 
feet 7 inches beam, and each was fitted. with Parsons’ impulse reaction 
turbines and three oil-burning Yarrow boilers. One of these vessels on 
the official trial of 8 hours duration obtained a speed or 35.354 knots. 

The next important advance was in the-direction of superheating. It 
had been long known that superheating, offered-great. advantages both as 
regards economy and reliability, but inspite of many attempts it was not 
looked upon with great confidence for marine purposes, It was, however, 
so attractive that a special marine superheater was designed and fitted 
on one side only of the Yarrow boiler, by which arrangement the super- 


- heater is placed under control, and that without seriously interfering with 


the total output of the boiler (see Figs..1and 2). If too much superheat 
is being obtained it is possible to senda larger proportion.of the gases up 
the side of the boiler where there is no’superheater, and although there — 
might be a trifling loss. in efficiency, yet the total output of the boiler is 
not substantially reduced. If the superheat is not sufficient, then more of 
the furnace gases cam be sent up the side of the boiler on which the super- 
heater is placed. . This control of the Amount of superheat was found 
very valuable, especially in the experimental stage. 

It may here be mentionéd that with a properly-designed Yarrow boiler 
having the superheater on on¢.side that higher efficiencies of the boiler 
plant. have been obtained with a boiler without a superheater, that is 
to say, more heat units have been transferred from the oil fuel to the 
steam produced. This result is rather remarkable, and points to the high 
efficiency of heat transference in a well-designed superheater. 
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NOTES. 525 
- Owing to the adoption of superheating, in 1913 and 1914 we were again 
able to produce’ a destroyer. which hada very’ overall efficiency. 
Although  superheating had been ‘tried in previous vessels yet the most 
successful results were obtained in vessels’ of the Miranda Class in 1913 
and in 1914, and it was on this type which Messrs. Yarrow concentrated 
during the war ‘period: 

These vessels: showed plainly the advantage of superheating for war 
vessels apart from efficiency, namely, the ability to rapidly increase speed. 
It is necessary to exercise great care when increasing speed rapidly on 
account of the water which flows with the steam; and on account of the 
condensation which takes place in the engines and turbines while they are 
being heated ‘up'to the full-speed temperature. This: presence of, water: is 
completely avoided if the steam is superheated, because the superheater 
itself is a large reservoir of heat, so that although the rate of evaporation 
in the boilers is very rapidly increased; yet the steam arrives at the 
engines perfectly dry, and in most cases superheated, thus having some 
surplus heat available in order to raise the temperature of the turbine 
itself. A further advantage of superheating is that the engine-room: is 
much cooler and consequently more comfortable. It is always noticed 
during a race:in which destroyers take part that those fitted with super- 
heaters get away much’ quicker than those using saturated steam, and a 
start of a mile or two is'a. very valuable asset in a fight. Vessels of the 
Miranda type are about 270 feet over-all; beam 25 feet.7. inches and depth 
amidships 16 feet'3 inches. They have three: Yarrow superheating. boil+ 
ers, and are fitted with two turbines of the Brown-Curtis: type driving 
directly the propeller shafts without the intervention of gearing. Brown- 
Curtis ‘turbines. were’ applied to these vessels on account of the large 
clearances in this type of turbine which» made: the use: of superheated 
steam ‘quite safe. Sir Thomas Bell, Engineer-Commander. Wood, and 
Mr. Pigott deserve great credit for the investigations they carried out 
at Clydebank to make these Brown-Curtis turbines: a success not only 
on destroyers but also on much larger vessels. 

In the first vessels of this' class a speed of 35 knots and a radius of 
action of 2,500 knots at 15 knots was guaranteed. In the last vessel of the 
class, the Tyrian, a speed of 39.7 knots and ‘a radius of action of 3,267 

_ knots at 15 knots was achieved: This speed was obtained on the Skel- 
morlie meastired mile’ in deep water, which is recognized as being the 
standard mile for high-speed vessels, it being: well known that in water 
of a less depth’ the hull resistance is reduced at high speed and fictitious 
results may be obtained. 

We ought to be very grateful to Messrs. Denny of Dumbarton for pro- 
viding us with the Skelmorlie mile, which is acknowledged to be the best 

High-speed ‘vessels owe a great debt to them for providing the means 
of obtaining the accurate data on which future progress is based. i 

When speaking of the measured mile it may not be out of place to pro- 
pose that a new deep-water measured imile be set up off the north end of 

- Arran, close to the Cock’ of Arran, and ‘running approximately northeast 
and southwest. On this course there is plenty’of room at the end for the 
largest vessel to turn round safely and ‘to attain the full speed: before en- 
tering, on the measured distance, while the depth of the water is not less 

#60 ‘much is absorbed in accelerating 

t is. sometimes overlooked how: power 1s: 1 
seen ‘feduiced by atthe ‘end of, the 


a vessel after the speed ‘his t 
measured mile 
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From careful surveys that have been made off the Cock of’ Arran, it 
may be possible to obtain a base 2 sea miles long, which would lead to 
more accurate results at high speeds; The measured: distance would be in 
a sheltered position, cleat of the traffic, and it would have the great ad- 
vantage of the course being parallel to the shore: Anyone who has run 
high-speed vessels will know the difficulty which the pilot ‘has in’ quickly 
getting his bearings, for when travelling at 40 knots there is not much 
spare time to get the correct ‘direction after the turn at the end of the 
mile, and the direction of the line of the shore is a better guide than 
swinging compasses. The only reason fot proposing a new mile is be- 
cause the large vessels and high speeds of today make it undesirable to 
run so near the growing excursion traffic and so close to the foreshore 
of a residential neighborhood. 
One of the most satisfactory features of: war experience is that vessels 
of the Miranda class suffered little or no damage due to sea conditions. 
They proved quite strong enough for the various kinds of work that they 
were called upon to perform, sometimes under the most trying circum- 
The Mounsey, under command of Lieutenant Craven, was the means. of 
saving 696 people from H:M.S. Otranto, The sea was very rough at the 
time, and the Mounsey could not lie alongside the Otranto.. She had. to 
steam slowly past while the crew: of the latter jumped to her deck, which 
maneuver she repeated several times. The bumping to which the destroyer 
was exposed during this operation can be easily imagined, but the ‘struc- 
ture was uninjured, covert 
» Another case of: interest as: showing the strength of these vessels. was 
when the Musketeer went to rescue the crew of the, King Edward....The 
King Edward had overhanging: sponsons, and while, taking the crew .off 
in a heavy sea,’ the destroyer got underneath the sponsons. which. were .de- 
scending: at every roll of; the: ship on the deck of the destroyer and se- 
verely punishing her. . Incidentally it may: be mentioned that there were 
some high-explosive shells in the ready racks on the deck of the destroyer 
which caused the captain a good. deal of anxiety each time the sponson 
struck the deck, but: fortunately. none of, them went off, In this case sev- 
eral plates were actually torn away, but the main. structure. was unin- 
jured, and she was quickly repaired and again ready for active service. 
“It is not generally. realized ‘how. severe are the tests to which high-speed 
vessels are subjected bythe gun armament. When one. considers the, re- 
coil’ 4.7-inch:gun.on -such.a light structure, or, the, recoil of a 4-inch 
gun repeated 20 times a minute, it is remarkable that. no ill effects are ex- 
perienced,. One of ‘the tests‘on.a gun trial is, that a,man should be able 
to keep his eye on the sighting telescope while the gun is, being fired... If 
there is the slightest yield in the mounting, apart rom, the. recoil cham- 
ber,’ it will be seen that the telescope is likely to strike the man a nasty 
blow. The structures,are so designed, that the gunlayer has no difficulty 
inkeeping his eye fixed)on the. target, even while the gun is being fired. 
The’ success of these: light,:structuresis in .a, measure due to, the uni- 
formity of elasticity; longitudinally,. which is a. great source of safety. 
Some: vessels have! no: doubt come to grief. through sudden changes ir 
strength, and it appears that: yniformity of elasticity is one of the most im- 
portant points in this class.of light.coristruction, 
I think you will agree with me that special credit is ati tb fhe desi - 
ing staff both of ship and engine, departments, which can successfully pro- 
duce a ‘high-speed destroyer, and firm who, have constructed these 
vessels will know the accurate workmanship which is required and ob- 
tained by special overseers appointed by the Admiralty for this ‘type of 
vessel. 
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- The ditection in which further advances in speed may be! looked for are 
as follows:' (a) Improvements: in the shape of the hull, so as‘to reduce 
the hull resistance; (6) Improvements in the shape of the hull in wake of 
the propeller, ‘so as to increase the propeller efficiency ;°(c) perfect: bal- 
ancing of the propeller, and the removal of the propeller as far°as' pos- 
sible from any disturbance which may: be caused by the propeller brack- 
ets; (d) reduction in the weight of machinery by the adoption of high- 
speed turbines; (¢) reduction in the weight of machinery by increasing 
the output of, steam from the boilers; (f) by the careful elimination of 
any items which are not necessary for the ordinary upkeep of the ship. 
To provide for extraordinary occurrences is handicapping the ship by 
carrying weight which will. probably never be used; (g) reduction of ‘the 
skin. friction by eliminating all outside transverse laps; especially at the 
forward end of the vessel,'as first pointed out by: Bakers) 
» During the war» Messrs. Yarrow were also called upon to design and 
construct some high-speed gunboats for river purposes, known originally 
as the China gunboats. In such vessels the problem of speed is: entirely 
different from! that of a destroyer. 
is; well’ known that they. were.ordered by Lord. Fisher.for use in 
Mesopotamia, and he gave Messrs. Yarrow an entirely free.hand with 
respect to their design; the only stipulation. being. that they, were, to. be 
ready. for service in the shortest possible time, and that they were.to be 
a, success.' Sixteen small vessels were designed and built at Scotstoun, and 
12. Jarger, vessels, were designed at. Scotstoun, and. built. by Messrs.. The 
Ailsa Shipbuilding. Company, Messrs. Barclay, Curle,aad.Co.,, Messrs...Lob- 
nitz,; Messrs: The Sunderland Shipbuilding Company, and Messrs, Wood, 
Skinner! The ,problem...was, to. carry.’ ..arma- 
ment; at) the highest. possible. speed, on. shallow..draught, and 
at the; same. time to provide good: accommodation, for the, crew. 
Inthe -case of, the-smaller,, vessels .:the,.draught.. was not. to’, ex 

2 feet 6 inches, and in the case of the larger vessels the draught was. not 
to exceed 4 feet, 6,inches., ‘To,achieve, this result the vessels had to be con- 
structed with a flat bottom,,and.in order,to provide, for propellers janes 
enough’ to.-utilize. sufficiently. the power, required for the speed, the vessels 
were fitted with tunnels,,so that. when, at rest the propeller was only half- 
immersed,,and when running the tunnel filled itself. automatically, the, pro- 
peller,then, working: totally, immersed... The after end of the tunnel when 
starting has.necessarily to .be-below. the surface of the water to allow fo: 
the expulsion of air .and.to provide ‘an. air but, when the tunnel is 
full and the water is fowing, through it.at,a high velocity, the resistance of: 
the, vessel.can be greatly reduced if the after end of the tunnel be, raised 
up:80-ag to. be almost horizontal... This. is accomplished by means of the 
Yarrow hinged, flap. The..efficiency of this flap can be best ty 
stating that for the.same power 10 per cent more speed can be obtained. 


_ The-particulars of these vessels are as follows: 
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4 on draught of 4 feet 6 inches 
when cartying two6-inch guns ‘is: as good: a performance 39,7:.knots 
“When “métitioning: high-speed vessels there: ought 
‘outstanding’ of: navaliarchitecture asthe Re 
‘built by Mesérs: John Brown and, and Renown, : 
XUN 


§28 NOTES. 


Fairfield, Shipbuilding have obtained :speeds) never 

thought. practicable. with such. gigantic. ships:;,.One cannot help: feeling 
proud of the, part which the Clyde has played in obtaining these various 
record results, and as, long as there, is the same cordial co-operation be- 
tween .employers, the. scientific designing: staff the 
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“THE GENERAL TREND OF MARINE MACHINERY, 


_ Engineers who. are actively engaged: on bere construction of any one 
: particular type of machinery, are. liable’ to become so engrossed ‘in their 

own ‘limitedsphere of activities: and in meeting’ the: probléms: and ques- 
tions with which they are immediately confronted, that they do not make 
the: opportunities, or spare the time, to’take ‘cognizance’ of and to review 
periodically the broad trend of affairs inthe same line of work the world 
over. It: is, however, necessary in order toreach or to maintain a high 
position in any branch of industry, that full’ recognition should be given 
to what is being accomplished elsewhere, and°to learn as much as possible 
from successes or’ failures of similar’: ‘Products: in? markets other dened 
those catered for by home engineers. 

There is, present time, no concerning the minds ot our 
marine engineers to a greater extent than that of the application of the 
Diesel oil engine to marine propulsion. The ‘development of this ‘prime — 
mover ‘is international, and whilst economic’ conditions’ principally, to- 
gether with a few other subsidiary factors, have contributed hitherto ‘to 
a larger and broader activity of construction for both land and‘ marine 
purposes abroad ‘than at home, events are now rapidly marching to: the 
desirable position where the technical and commercial competition’ be- 


tween the various maritime and: shipbuilding countries wall be: “extremely 


Iti is, now opportune to’ review: briefly and: eri general the 
characteristics of the types of engine which are on order and under con- 
struction the world over. Statistics, so far as they are available and 
without any data’ as to’ German building: show that in’ the field of ships-of 
greater deadweight capacity than 2,000 tons, considerably more than’ 150 
are on ‘order, and in course of construction ‘at’ the present time,’ and are 
destined to be fitted with marine Diesel engines. In’ some’cases the ship 

_is being built in’ one country whilst the engines are to be supplied from 
another, but since relatively few novelties in’ the shipbuilding sense are 
presented by these vessels, this review will be ‘etitirely concerned ’ with 
considerations of, the propelling machinery, “The ‘Diesel motors for these 
ships are being supplied by at least seven’ countries, ‘and in’ respect’ of 
numbers of sets of machinery the order of importance is approximately 
the following: Denmark, United States of’ America, ‘Britain, Sweden, 
Holland,,- France, Italy and. Switzerland. Since the numbers upon which 
this sequence is based include definite future as well as present construc- 
tion, those) countries which early on took a leading part in the Marine 
Diesel:'world, can naturally obtain and can safely book orders” much 
further ahead than can be or would be desirable in the casé of the 
countries where: a’ later: ‘start was; made or.'the interference of, the war 
had’ ‘effect. With’ this "proviso, ‘however, the statement .the, order. is 

ificant, and probably indicates quite approximately the extent. of 
of’ the ‘Diesel ‘marine e in the various: countries named. 

The position ‘of Britain cantiot ‘régarded with, complacency. 
justification; if not in’ full measure, we can plead the effects, of the. war 
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which. seriously, suspended construction other than ofa thoroughly  stan- 
dardized nature. in, order rapidly to give results with the, minimum) of 
expenditure .of,,workmanship and, materials. In. such circumstances the 
steam) engine-naturally. was‘ the prime, mover upon which. to: concentrate. 
Undoubtedly, however, at the: present. time our position, is rapidly being 
improved,.and there are other factors later to be: touched. upon which ‘can 
also. be quoted in, mitigation. It, will, be noted that, of the first five coun- 
tries in. the above list three-were. neutrals in the war, and im the case of | 
the United States of America, the effects of the war were only partially 
felt and at. a. much. later. date than in. the United Kingdom. 

A, review of'the type of engine being constructed goes to show that the 
simple: single-acting, four-stroke cycle engine is even more favored, today 
in, connection. with marine. Diesel. work. than it has, ever been in the past 
history of this type of. mercantile construction, and of the vessels build- 
ing only some, 16. per cent are to be fitted, with engines of the two-stroke 


cycle, type 

lt readily be conceded that this, is quite. remarkable, If.num- 
bers of engines were taken, the percentage of two-stroke cycle construc- 
tion would probably even be considerably lower, since almost half of 
the two-cycle engined ships are single-screw, whereas 90 per cent of the 
four-stroke cycle machinery. is of the twin-screw variety... In the early 
days of the introduction of the oil engine to marine work, the two-stroke 
cycle.was generally the favored system,, The same) success as with the 
four-stroke, cycle engine did not .meet these. initial efforts, and these 
failures are, in a:measure, no doubt reflected in the present strong posi- 
tion of the four-cycle engine. In. power per cylinder or per engine. the 
average today. with; the two-cycle is higher than with. the four-cycle en- 
gine, The-reason. forthe. preponderance. of twin-screw. ships is the. desire 
to attain.to total powers installed aboard comparable with; the average 
steamship, and to achieve .in propeller. efficiency,,a figure approaching 
that..of slow-running steam. engines. Of. all the motor. vessels over 80 
percent, are fitted with twin-screws. 

It. is interesting, further, to reflect that. of the relatively. few. single- 
screw vessels-.in. construction, half. by two-stroke ‘cycle 
engines....The reasons for this..may be firstly, that. some of the largest 
powered, units: are of the two-stroke cycle type, and constructors who 
are willing to.take the risks incumbent. upon, fitting the newer, less tried- 
out»and less conservative type of engine would. seem also to be: willing 
now to. take whatever risk, if any, there.is in the policy..of one marine 
Diesel. engine .per ship. "The . two-stroke cycle. engines. comprise the 
opposed-piston; types at present exclusively built in Britain, the super- 

rging port scavenging engine, originated, in) Switzerland. and. .being 
built. now chiefly in Switzerland and, Jtaly,;and the. valve-scavenging 
engine which is only now retained by one French constructor. 

In; regard to the characteristics of the: various countries, it is: ‘interest- 
ing to note that'in Britain by far the greatest variety, of engines are being 
constructed, these comprising standard) four-cycle, air-injection and four- 
cycle solid ‘injection engines, two types of opposed-piston Diesels, and 
supercharging two-cycle. engines, and., also. single simple port-scavenging 
_ two-cycle engines... Sweden, Denmark and Holland are solidly, in| favor 

of four-stroke. cycle engine,’ and; in..America, very, two-cycle 
Diesel ‘engines, are. in, course of construction. In Switzerland and Ttaly 
are to be.found: the, strongest protagonists. of the two-cycle. type. | 

In Britain not only is the greatest variety of type evidenced, but aiso. 
the largest’ engines: are being constructed; the most: powerful, the -four- 
cylinder’ opposed-piston' two-stroke ‘engine’ of 750° brake ‘horsepower per 
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cylinder. The cylinder diameters are’ 580 mm. and the’stroke 1,160 min:, 
and the engine develops, at 70 revolutions in the four cylinders, a ‘total 
of 3,000 brake horsepower. The largest four-cycle engine being con- 
structed in Britain, and also elsewhere, has cylinder diameters of 740 mm. 
by stroke of 1,150 mm., and runs at’ 115 r.p.m., developing over 3;500 
brake ‘horsepower in eight cylinders. The two-cycle engines are of four 
and six cylinders—generally of four cylinders—and the four-cycle engines 
have six ‘cylinders with a few exceptions where eight-cylinders are em- 
ployed to give the desired high power. © 
The British policy of trying out all types of engine is Certain to lead 
im the end to a very favorable position, and is a very bold policy to be 
commended in view of the lee-way which had to be made up and the lead 
unquestionably held by the earlier constructors of four’ cycle ‘engines. 
The ‘unfortunate and unlikely event’ of failure with any of the newer 
types ‘cannot now, in view of the varied and long experience already’ piled 
up to the good, be taken as evidence sufficient to condemn this prime 
mover in respect of its suitability for marine work—* Engineering.” © 


“EXAMINATION OF LUBRICATING 


the multiple and’complex problems of oil testing are ‘tobe 
to the engineering chemist, as wotld appear to be reasonable ‘on’ the 
whole, then the expert so acting must be’ proficient in both his professional 
branches’ and possess a good’ knowledge of’ physics ‘in’ addition. One 
expects a great deal of the oil chemist.” It is his duty té advise us* how 
to extract the oil or how’ 'to’ produce it by other means, to telf us what 
the ‘ oif consists ‘of; ard ‘How it should’ be treated’ to yield constituents 
originally’ in the oil or to be formed” in the coursé of the ‘treatment’ to 
which it ‘is submitted; and how to modify’ the’ ‘method of treatment in 
accordance with the varying demands ‘for “special products. ’ He ‘should 
also ‘tinderstand the presetvation and storage of’oils. The routine testing 
of oil ‘is only apart of ‘his duties; which he'can; and must}: to a certain 
extent, delegate’ to assistants!’ consequence, varieties of. tests have 
been worked out arid have come into practical use ‘which ‘can ‘hardly 
yield’ concordant’ results when performed by’ different’ workérs, ‘and are 
at' ‘the’ best ‘of doubtfil value.’ Hence the growing demand for standard 
But thereis little agreement, so far, as to ‘the co-ordination’ of 
the results, and’ even’ standardized tests would only supply the ‘inquirer 
with’ ceftain figures Or Constants without telling whether “not ‘oil 
will answer his ‘particular’ purpose: 
Phat’ the Institution ‘of Petrdleum is: mo its 
to assist’ in the elucidation of the’ problems was emphasized» ‘by 
Sir Frederick W.' Black, when’ taking ‘the chair at the meeting’ on 'Tues- 
day, April 20, ‘the second’ meeting’ during this session, which’ the ‘institu: 
tion devoted to oil examination: ‘In ‘October-fast' Mr. Arnold Philips “had 
discussed Laboratory ‘Tests of ‘Mitieral Oils ;”* on April’ 20, Mr. G.'F. 
Robertshaw, F. Manchester: presenited: a’ paper ‘on ‘Methods of 
Examitiations of Lubricating Oils.” Standardization and lubrication are 
very much’to the front! at present, afid ‘will remaiti soon experimental 
lines in ‘the ‘first instance, we we hope: At the October ‘meeting Thomas 
Holland had expressed the: ‘opinion: ‘that ‘the “experimental: ‘work would 
Seu Ottober 31) 1919). i page - 586, an Labrcaion” 
at. Physical, Society; Engineering, December, 5, pages 756. .758..., 
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have to be paid for. Mr. Robertshaw drew | attention to the way in which 
the Society of Leather Trades: Chemists’ in Englandand the Leather 
Chemists’ Association in America deal with their own, ‘likewise ‘complex, 
standardization problems. Sectional’ committees’ are- elected to’ take up 
particular lines of research, mostly without expense ‘to the society. To 
a large’ extent: that has been done’ also under the general guidance of 
the Lubrication Committee -without ‘restricting ‘the investigator too much 
as to following up novel lines of research, see: in’ ‘the! case of paid In- 
vestigations certain limits have: in general to be imposed. | 
In reviewing the properties‘ and’ examination of lubricants Mr. Robert- 
shaw distinguished between’ oils, (greases; and. special lubricants, classing 
the oils again as fixed: oils and mineral oils purely of the hydrocarbon 
The ‘collective’ term “fixed oil” is: also used distinguish the 
non-volatile oils produced by expression or extraction from the volatile 
essential oils: produced by steam” distillation, Fats, tallow and lard be- 
long to the fixed oils'and are complex organic compounds, either glycerides 
(i. e., compounds of’ the salt type: of the fatty acids with the alcoholic 
radicle glycerol or glycerin), or esters’ (compounds of the oxide type): 
The glycerides are saponified by the action of alkalis, i. ¢., split up into 
. glycerin’ and’ soapg, salts of the fatty acids; they are’also decomposed 
or hydrolysed by other agents. “Frees fatty acids may form soap with 
the metal with which’ they ‘come’ in contact, but Wells and Southcombe* 
have not’ observed any metal corrosion’ by: the free fatty acids which they 
add to mineral oils.in order to: taise the lubricating power. Though few 
of the’ fixed oils’ serve’ directly ‘and ‘without admixtures : as lubricants, 
some of these enjoy’ high favor; ‘but castor oil: (ricinus) is now ‘being 
replaced by minéral oils even on! aeroplane engines. Rape seed oil shares 
with other vegetable and anitnal ‘oils'a certain inconstancy in composition 
and viscosity; yet: it ‘still serves ‘as’ standard liquid for the Redwood vis= 
cosimeter: Blown’ rape’ off’ and‘ other’ oils oxidized “by hot ‘air are used 
for compounding ‘oils. ‘Greases are ipartly mixtures» of soaps (sodium 
and calcium) and of refined’ mineral oi! products. The special lubricants 
comprise pastes wanted for screw cutting, &c., for textiles, leather, &c., 
and graphite, tal¢® arid’ steatite;'' &ci;' used? alone or: mixed with minéral 
oils ‘to which they’ are'to impart''a fictitious: viscosity. Amiong the new 
synthetic lubricatits developed during-the war in Germany Mr. Robertshaw 
mentioned’ anthracene ‘oil, which’ is/ prepared in thousands of tons. 
Many of thé’ properties: ‘and’ tests these lubricants; important: for 
identification’ ‘and evaluation; ‘have’ orily“ an‘ itdirect sinterest ‘forthe en- 
gineer. Color ‘matters for -thie! textile manufacturer} density and. boiling 
point’ are’ of no’ importance such, ‘within certain ‘limits: Surface ten- 
sion mlight prove to be-all- -inportant; could only ‘measure the surface 
tension between’ the oif and ‘the: metal); ‘what the various: methods of de- 
termifiation now ‘in use’ ‘really’ signify, -we'do not understand) The: cold 
test tells us whether the lubricant is apt*to thicken’ or to form a: deposit 
at low temperature; it be performed’ by gradual cooling (and 
-wartning) ‘the’ stirred’ ‘oil and by ‘watching thé formation (or disappear- 
ance) of deposit¥;"or, in ‘the case ‘of ‘turbid: oils, in» the pour’ ‘test, by 
noting when’ the flow of the oil ceases! or ‘recommences: The acidity tests 
and iodine valtie indicate ‘liability’ of the oil to chemical reaction: © 
‘The ‘tests of volatility, flash ‘point “and: guniming’ are ‘likewise strongly 
influenced by chemical reactions; and *hence depend: very much: upon the 
actual éxperitiéntal coriditions! ‘The | volatility’ test (important for in- 
ternal. combustion, engines). determines the by, at definite 
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temperatures within certain time intervals., Quoting Redcliffe, Mr. Rob- 

ertshaw did not consider ‘any of the:many) appliances in use as reliable, 

though in cases of small loss—and oils of high volatility are hardly lubri- . 
cants—the Archbutt-Deeley apparatus: gave fairly concordant results. Dr. 

Ormandy added in the discussion’ the interesting information that German 

chemists had recently observed greater heat losses when the test. was 

conducted in a nitrogen atmosphere performed (as usual) in 

air or steam, and that he had himself. found on-continued heating that, 

whilst the flash point rose as. the heat. loss.decreased; the curve oscillated 

very strongly. Neither observation: is surprising, but they both exemplify 

the difficulties of the tests. The. gumming test, (performed with, nitro- 

sulphuric acid, petroleum, ether, alcoholic, soda; or simply by. heating a 

shallow layer ‘of the oil in air) is clearly one. of: the tests which cannot 

generally be standardized for all kinds of oil; and, is,-perhaps, not much 

in favor. Dr. Thole mentioned, however, that he had by this test (simple 

oxidation in air) discriminated: between a good and.a bad motor-cylinder 

oil; identical practically as to evaporation, flash, point and viscosity, the 

one of these oils gave 0.4 per cent,,.and the other, 12 per cent of. residue, 

Both. the emulsification tests (necessary inthe case of steam. turbines 

particularly) to which. Mr. Robertshaw referred, those of Mr..A. Philip 
and of the Bureau of Standards, have been described in our columns.: . 

There remains the! most reliable physical test of| lubricants, the: viscosity 
test* Describing recent modifications of tests’ in.use, including the Michell 
viscosity meter (see “Engineering” of April 16 last, p. 509), Mr. Robert- 
shaw recommended the adoption of the poise (the, name is taken from 
Poiseuille) or the centipoise (0.01 poise) as a practical unit of viscosity 
in absolute measure. The centipoise, approximates, very. nearly to the 
viscosity of water which is the comparison: liquid. both of the Engler 
and the Saybolt:'viscosimeters, the standard. instruments. in Germany and 
the United States... Some unification in this respect is very desirable, and 
we have stated already that the rape-seed, oils, the comparison Jiquid of 
the Redwood standard viscosimeter, as now obtainable fluctuates strongly 


As regards the relation) between: viscosity and lubricating value Mr. A. 
Philip remarked that once a certain minimum value. of, viscosity, neces- 
sary to prevent squeezing out.of the oil, is exceeded, the high viscosity 
goes together with low: lubricating value; .“oiliness”, he would simply 
define as lubricating power, to be. measured. by friction tests in want of 
any adequate physical or chemical 'tests.,. Mr,, Robertshaw. had 


a similar opinion when describing the Thurston machine and, showin 
some: blue prints of a large mechanical.tester built by, Sir W. Bailey. anc 
Co. for the Government, and designed. for bearing..speeds of 10,000 feet. 
per minute at pressures up to 120 pounds per square inch as well as low. 
speeds of 6,000 feet at 500 pounds per,.square inch.. Dr. A. E. Dunstan 
suggested that oiliness like’ other; abnormalities could be traced ;to un- 
saturation and to colloidal structure. To Dr. Ormandy, the. colloidal, char- 
acter of lubricants suggested a; possible experimental method of, deter- 
mining the bonding between, the metal and the lubricant, When clay. (a 
colloid) was mixed with a small. proportion of caustic potash, the clay 
set and the water filtering off was free, of;,soda; when, however, a poten- 
tial of 1.6 volt was applied to the paste, soda appeared in the filtrate: thus 
we have an electric: measure of the absorption.of the alkali by the. clay. 
Mr. E. H. Cunningham: Craig said that he,.did: not see any. difficulty in 
* See Engineering, April 19, 1918, page 488 (Dunston and Thole), June 17, 1018, 
page 655, and September 13, 1918, page 294 (Higgins and Herschel). aril 
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connecting oiliness with the varying’ surface energies, probably electric, 


of the various constituents of the ‘very complex lubricants; *When a sur- 
face was brought against an’ oil’ ‘of ‘that kind, there was @ ‘concentration 
along the solid surface of the particular disperse phase ‘which has sur- 
face energy nearest’ to that of the ‘solid, followed by the selective con- 
centration of other. disperse phases one above the other, wntil a perfect 
arrangement preventing internal friction was reached; that was oiliriess. 
Further information ‘on Deely’s oiliness test was not given ‘during the 
discussion, and most people probably advocate standardization of oil-test- 
ing appliances simply to get over the great confusion ‘prevailing, rather 
than because they have a decided‘ belief in the efficacy of any of them. 
Our .conclusion hence remains that any standardization, if it is to be 
really useful, will have to await: the outcome of further experimental ‘re- 
search.—“ Engineering.” 


ESTIMATES OF > PROPELLER PERFORMANCE FROM SELF- 
PROPELLED MODEL TESTS. 


By ConstTRUCTION Corps, U. SN. 


‘During the last four years there has been developed at the Experimental 
Model Basin at the Washington Navy Yard an interesting and valuable 
method of testing the models.of ships. with the propellers in place and 
actually propelling the model, Sufficient experience has been had to in- 
dicate that the method is capable of giving very accurate results. It also 
has been of much value to the Bureay of Steam Engineering in supplying 
an independent check’ on propellers designed by Dyson’s well-known 


_ method. The subject should, therefore, be of interest to naval architects 


and marine engineers who in the estimate of power requirements for new 
ships must take two important steps in. the design of a ship and its pro: 
pelling machinery: 

(1) The selection ok suitable: lines for minimum resistance and the es- 
timate of the effective horsepower required at different speeds. 

(2) The selection of a suitable propeller so that the power of the ma- 
chinery may be applied to the propulsion of the ship: most effectively. 

When there is a happy solution of ‘both requirements (Nos. 1 and 2), 
the resulting design.is one which -is' economical: in both fuel.used and in 
weight of the machinery installation. 

As regards the determination ofthe, form of the hull, experience. in the 
use of Froude’s law ‘of comparison in testing models in model tanks in 
different countries has amply ‘demonstrated its accuracy. It is in fact the 
only satisfactory method of estimating the effective horsepower required 
for a ship when its lines differ in a material degree from:those of previous 
models and ships tested. / Moreover; there has been a large amount of exr 
perimental. data made public with regard to the factors: affecting a ship’s 
resistance, so that with intelligent application of the same a fairly close 
estimate may be made for ships of normal type. 

When it comes'to the design of a propeller to use.on a particular ship, 
there is inherently a more: difficult problem to solve. The performance 
of a propeller alone, even when:running in free undisturbed, water, is de- 
pendent on so many. variables that it is a very complex subject. When 


to these complexities of the: propeller alone are added those due to the 


form of the ship’s hull itself;) itis readily: seen that there is greater’ need 
for an accurate model-testing method for. estima power requirements 
for a given combination of: hull: and ere is. for estimating 
the performance of by itself... 


| 
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. For the propeller alone, the experimental field has been well covered 
in the researches of Froude in England and. Taylor and Durand in this 
country, as well as by those of other investigators in Germany and else- 
where. These experiments have served to clear up toa large extent the 
t which. until comparatively recently seemed to surround the concep- 
tions of propeller action. In fact, the experimental data derived by these 


investigations have served to discredit many mathematical theories of. the 


propeller, so that at the present day, sq far as the writer is aware, there 
is not a single rigidly rational propeller theory which fully explains the 
observed phenomena or which may. be used with certainty to predict the 
performance of a new type of propeller, 
_ It may be considered, then, that the information available as to the 
lines of ships’ hulls and the performance of propellers of conventional 
form in free water are sufficient for all ordinary purposes. It is when 
seeking to estimate the effect of combining a certain propeller with a cer- 
tain hull that there are introduced elements of doubt which may lead to 
peetat: ag errors in estimates of shaft horsepower or revolutions of the 
propeller. 

Recognizing this difficulty, Rear Admiral Dyson has developed a method 
of design which is based on the trial. results of actual ships, The esti-. 
mates obtained by his method are entirely satisfactory when the ship and. 
propeller fall in the range of variables covered‘by. existing trial data. It 
is apparent that, with the almost unlimited number of ‘possible variables in 
form of hulls and propellers, it will require many years and the trials of 
many: ships before it becomes of universal applicability. - 

There is, therefore, a real necessity for a method of ‘testing models of 
the ‘hull and propeller running together. Experimental work of this kind 
has been done by Froude and Juke in England, but their published re- 
sults are limited to statements of certain factors, such as: wake and thrust 
deduction coefficients resulting from.certain combinations of hull and 
propeller. There are no data available to ‘show how close the agreement 
between the performance of the full-size ship and those estimated from 
the model tests is. The arrangement of, the test apparatus used by them 
is open to the criticism that it does not completely fulfill the requirement 
of similarity between ship and model, as the propeller is not carried by a 
shaft éxtending from inside the model, but by a separate shaft wholly 
outside of it and supported by separate attachment ‘to the towing carriage. 

The following is a description of the method as developed and used at 
the Washington Model Basin with comparative results of model tests and 
ship trials for the U. S. S. New Mexico: 

The model to one-thirtieth scale was fitted with all appendages and with 
shafts, struts and propellers to scale in accordance with plans of the ship — 


_ and machinery as built. ‘The appearance. of the model fitted with pro- . 


pellers is shown in Figs. 1 and2. i en 
In making the tests each shaft was driven by a small direct-current 
motor coupled directly to the shaft. Each motor was arranged as a 


dynamometer with calibrated springs -which permitted simultaneous 4 


measurement of torque, revolutions per minute“and thrust on each shaft, 
while ‘the model was self-propelled under: the ‘Model ‘Basin towing car- 
riage, The model was arranged so that the towing carriage would steer 
in a straight course while running at a uniform predetermined speed. 
The model was free to gain or lose a distance of about :six inches as com- 
pared with the towing carriage before it would strike stops. During the. 
course ‘of each, fun the speed of the ‘propellers was adjusted so that the 
model was running under its own power at a speed: just equal-to that. of 
the towing carriage. When ‘the model was running uniformly, so as not 
to strike either stop, cards recording the’ revolutions per minute, thrust 
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and: torque on each shaft were taken ‘simultaneously. ‘The speed ‘of the 
model was taken by a card on the towing carriage in the same matiner as 
when making model resistance experiments. A sample dynamometer card 
is shown in Fig. 4. (SPA STR 

The results of the experiment are’shown in Fig. 3 and in the following. 


An examination of the table and ‘Fig. 3 will show'that the revolutions 
per minute, as estimated’ from the model tests, agree: remarkably well with 
the revolutions per minute as ‘determined ‘on ‘the ship's ‘trials, the differ-’ 
ence being: less than of’ 1’per cent,-except at the speed‘ of' 18.95 knots, 
at which there is a‘ difference of nearly ore revolution: “The shaft horse- 
power as estimated from the model also agrees very well ‘with that 
tained on the trial of the ship; excepting that at the ‘same ‘speed, ' whiere 
the difference ‘is about: 1,000: shaft' horsepower, or per cent. In Fig:'3 it’ 
will be noted that the slope’of the power curve at the higher speeds as de- 
termined’ from electrical measurement agrees very well with the slope of 
the power curve estimated from the’ model experiments.’ ‘The’ electric 
power given is from the observed ‘electric input to the motors on the 
standardization trials of the ship corrected for the estimated motor losses, 
so as to give the estimated net shaft horsepower delivered ‘by’ the: pro- 
pelling motors at the motor couplings. This’ power is about 8 “per cent 
higher than that given by the torsion meters and as estimated’ from the 
Model Basin ‘tests: This appears to be a larger difference than would be 
expected to be accounted for by the thrust'and other bearing losses ‘whi 
are not included ‘in the model’test ‘results or in’ the torsion meters on th 

TABLE 1COMPARISON OF SHIP TRIAL DATA WU. S38. 
NBW MEXICO) WITH MODEL TEST RESULTS 
Speed, Revolutions per. Minute Shaft Horsepower, 


ott Trial, From Model’ On Ship’ From Model “ShipTrial; ShipTrial; 
Test Prial Test Torsion Meter Electric 
16.86 181. 181.88 18,286 919 
18.95 148.00 148.94 10,600 20,662 21,408 
20,68 168.60 168.45 27,180 27,202 29,082 
21.31 170.00 170.27 31,280 31,857 88,722 


From this comparison, and considering also the results obtained on the 


trials of a sister ship, the U.S. S. Jdaho, it is believed that the trial data 
on the ship’s trials at the speed of 18.95 knots may be in error either in. 
the. torsion meter reading, in the speed over the course, or in both. Pos- 
sibly, also, the power difference may, result from. erratic steering during 
the trial of the ship, or insufficient run to attain uniform speed before 
starting on the measured mile. ; There is no information, however, in the 
trial report, which would.:bear, out this assumption. It should be noted 
also that at the lower speeds there is some doubt as to the accuracy of 
the calibration of, the .electrical meters used for. measuring the power 
In estimating the shaft horsepower. for the ship, the effective copie 
power for, the. model with full appendages, as determined in the Model 
Basin tests dated September 9, 1915, was used. This effective horsepower 
eurve does not take into consideration, the resistance of the paravane gear 
which. was rigged on the, ship.during the trials, From the fact that the’ 
shaft horsepower estimated from the Model Basin tests and the revolu- 
tions per minute are in close agreement with the results obtained on the 
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trials of the ship, it is apparent that either the paravane gear did) not add 
much, to the, ship Ss resistance, or that the effective horsepower originally 
estimated for the ship was high by.an.amount, equivalent to the resistance 
of the paravane gear. ai 

_The average wake. factor for the four, propellers. at.a ship speed of 21 
knots was found to be .15, with 16 per cent apparent slip and 29 per cent. 
true slip, With the total: power on the model) distributed. equally between 
the four shafts, it .wasfound that the outboard shafts ran at about 1 per 
cent higher revolutions per minute than, the inboard shafts... The propul- 
sive coefficient is .65.3 per cent at 21 knots. with a hull efficiency of 100. 
per cent, indicating that, the arrangement, of shafting, struts and hull clear- 
ances. for the, propellers are very good. hetemit 
_ Another, conclusion, from the investigation and. from other similar tests. 
is that the Model, Basin method of testing with model propellers fitted to: 
drive a model of a,ship may be used, with. confidence to. predict the. per- 
formance of the, ship on trials,,. There is,,a. limitation, however, in the: 
case of propellers which on the ship.are running in the cavitating region, 
iB when araut cavitation may be experienced on the ship and not, occur on 

_In. addition |to.. the. work: of. this character already done. on models. of 
naval .vessels,. several .progressive private, shipbuilding interests. of , the. 
country, have; been quick to see the advantages of self-propulsion model 
tests and, have arranged to have such tests. made on the, models of pro- 
merchant ships. law under which the .Model Basin. was 

tablished, provides, that private shipbuilding companies may have models. 
tested on payment of the actual cost of the work to the Government,., _ .. 

The present cost for making a 20-foot model and testing it for resist- 
ance at three or four different conditions of drat is $500 (104/3/4), From 
these tests the corresponding effective horsepower curves for the ‘ship are 
computed and given in the report of test. ‘The additional charge for fit- 
ting shafts and°préfellers to the modeP ‘and’ making ‘setf-propulsion tests 


in the case of a twin-screw shipris about $300, (62/10/0)..5 

From :theslatter'tests thé’ shaft" horsepower, revolutions per:minute and 
propulsive “coefficient ‘for the ‘ship at different speeds ‘are estimated and 
given in the report“ International Marine Enginéering.” 
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mee CURRENT TENDENCIES IN NAVAL DESIGN. | 


Of the many warships now under construction in the United States, 
the six battleships of the Massachusetts class are, in some respects, the 
most remarkable.’ Concerning the new battle-cruisers, we may say, with- 
out risk of offending American susceptibilities; that they are slightly en- 
larged copies of H.M.S. Hood. Their bulge protection, however, is com- 
plete, instead of only partial, as in the British prototype; they are ‘to 
steam at 33% knots, as against the Hood’s 31 knots; their eight 16-inch 
guns fire a projectile of 2,100 pounds, compared’ with the’ 1,920-pound' pro- 
jectile of the Hood’s 15-inch weapons; and their ‘secondary armament of 
sixteen 6-inch.quick-firing guns is superior in numbers and weight of ‘fire. 
But, generally speaking, they present nd novel features.’ It is otherwise 
with the battleships, which are distinctively‘ American’ in conception. ‘The 
comparison, given elsewhere, of their design with that of the Hood brings 
out, very clearly the great forfeiture of offensive and defensive powers 
which high, speeds, involve. ‘It will, no ‘doubt, be urged that comparisons 
hetween warships of fundamentally different type ate misleading, that for 
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the tactical functions which the Hood is designed to perform, high speed 
is a sine qua nom. On the other hand, it, is, open to: question whether the 
value of speed—tactically, .if- not. strategically—has not: been: exaggerated 
War experience has done much to. modify naval views on: this subject, as 
may be gathered from various passages in Lord Jellicoe’s!book,. from the 
remarks made by Captain Sir Edward. Chatfield:.at the Institution of 
Naval. Architects last month,,and from>the, writings and. utterances of 
other distinguished officers. Captain, Chatfield’s words are particularly 
significant, for this. officer, who served as flag-captain to Admiral. Beatty 
throughout the war, and took part'in every, major engagement, with the 
exception of the Falklands battle, is exceptionally. well versed in modern 
tactics. Discussing the qualities of the. Hood, he declared that; those who 
had fought at sea had not found speed,to be the most {important feature in 
a warship. The main idea underlying superior speed was that it enabled 
the captain of the ship possessing it to . choose, the, fighting. range, but 
“that assertion is.far from being true,”. ‘Those who had been engaged 
in naval warfare knew,’ he continued, that the fighting range, was largely 
determined by the weather. If the range of visibility was, only 10,000 
yards, it was>useless to possess the speed and gun-power to. enable the 
action! to. be fought at a range of 25,000. yards.“ That: case had. happened 
over and over again.” There could be no doubt,;he added, that if new 
warships were to be designed today, British naval, officers, at least, .would 
not design another Hood. 

If we rule out the British 18-inch gun, which is no longer mounted in 
any ship, the 16-inch 50-caliber weapon with which the Massachusetts and 
her sisters are to be armed must be considered the most powerful naval 
gun of the present day. Except that the projectile weighs 2,100 pounds, 
and the muzzle energy developed is about 115, foot-tons, nothing is 
known of the ballistics of this piece. Provided, however, that the mount- 
ings permit of the requisite elevation, it should certainly be able to out- 
range both the 14-inch and 15-inch pieces carried by contemporary battle- 
cruisers, and in that case the superior speed’ of the latter would be use- 
less except as a meafis of éscape from the crushing ‘salvos of the slower 
ship. And when all is said, capital ships, be they battleships or battle- 
cruisers, are primarily built to fight, not' to fly. There are indications 
that the naval world is readjusting its idéas as to the relative values of 
armament, armor, and speed. We have lately heard more than one 
authority recant his pre-war belief in the supreme value of speed.’ Naval 
opinion, both here and in the United States, appears to be crystallizing in 
favor of an ideal type of capital ship comparatively moderate in speed, 
and therefore, mutatis mutandis, in displacement; but “embodying the 
maximum degree of hitting and resisting power possible within the limits 
of that displacement. That we shall ever revert ‘to the displacements of 
the pre-Dreadnought era is practically out of the ‘question, for big guns 
and thick armor necessitate generous dimetisions, quite apart from the in- 
crease due to high speed. But it is possible that the capital ships designed 
a few'years hence will be considerably smaller’ than either the Massachu- 
setts or the Hood. If it be true that the leading authorities on both sides 
of the Atlantic have come to the conclusion that high speed is not a prime 
tactical necessity, and that its possession in’no way conipensates for in- 


. feriority in armament or protection, the way is already open for a large 


decrease in the size of capital ships. At’ the same time, ‘we are not over 
confident that the opportunity will be seized.” The constructor, encour- 
aged by the naval officer, will assuredly be tempted to ‘turn’ the weight 
saved by reduced engine power to account in’ some other direction rather 
than content himself with a smaller ship. “He ‘will goon adding to the - 
number and caliber of the guns, or to both, and to’ the thickness of the 
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armor protection, until the margin of surplus weight is quite swallowed 
up and a ship larger than ever results.’ And when that stage is reached it 
is possible that high speeds may again come into favor, in which case a 
further huge jump in dimensions will become inevitable. 

We would like to: add a word of: protest against the practice of com- 
paring the resisting qualities of pre-war British and German capital ships 
to the exclusion of other features. It is true that the’German ships were 
better able to -withstand punishment, above and below water, than our 
own, but the cause of this discrepancy was strategical rather than tech- 
nical. Germany, as has since been admitted, planned her ships mainly, if 
not solely, for the purpose of fighting a North Sea campaign. They were 
never designed to make wiiey sen or to’accept battle in waters remote 
from the German ‘Bight. were, in effect, very large coastal iron- 
clads,'in designing which it was not necessary to waste much space on 
living accommodation, since their officers and men were intended to spend 
most of their time ashore, and an unusually large percentage of displace- 
ment and’area could therefore be devoted to armament and protection. Our 
ships, on the contrary, were designed in accordance with the Navy’s im- 
memorial tradition of ability to cruise and fight in any quarter of the nav- 
igable globe. Consequently the factors of habitability, hygiene, and com- 
fort could not be ignored, ‘as, broadly speaking, they had been in the case 


of German ships.—“ The Engineer.” 


SHIPBUILDING IN JAPAN. 


The new Japanese battleship Mutsu, which was laid down in 1918 at the 
Yokosuka Imperial dockyard, was successfully launched on the 31st of 
May. This vessel is described as the largest in the Japanese Navy, from 
which it would appear that her sister ship, the Nagato, being built in dry 
dock at the Kure dockyard since August, 1917, has not yet been floated 
out. The type they represent, is undoubtedly a most formidable one, and 
to those who are out of touch with current naval progress it may come as 
a surprise to learn that the Mutsu and Nagato are more powerfully armed 
than any ship in the British Navy, and larger than pf warship now 
afloat, with the sole exception of H.M.S. Hood. Their chief dimensions 
are:—Length, 661 feet; beam, 95 feet; draught, 30 feet; displacement, 
33,800 tons.. Geared turbines are to be installed in both ships, from which 
a speed of 23% knots is anticipated. The main armament will cotisist of 
eight 16-inch guns, .The Japanese ships, therefore, are slightly larger and 
considerably faster than their American contemporaries of the Maryland 
class, the nameship of which was launched on March 20th; but the main 
armament is the same in caliber. and number of guns. Besides the Na- 
gato and Mutsu, six further capital ships are under construction or about 
tobe laid down in Japan, a number that will bring the establishment up to 
seventeen Dreadnoughts or, in. popular parlance, “ super-Dreadnoughts,” 
for all save one of the seventeen are armed with guns exceeding 12 
inches. in. caliber. 
The exact position.of the Japanese nayal programme at the present mo- - 
ment is somewhat, obscure. According to a Government measure intro- 
duced late in-1917,.a sum of £30,054,800, spread over a period of six years, 
was to be spent.on, the construction of two battle-cruisers, three light 
- ernisers, twenty-seven destroyers, and. forty-eight stbmarines. Of this 
amount, £2,544,000. were to be disbursed in 1918, £4,771,766 ‘in 1919, 
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£5,412,381 in the current year, £6,819,635 in 1921, £7,122,673. in 1922, and 
he balance in 1923. _ Apparently, however, the programme. was subse- 
quently modified, to include a larger proportion of capital ships. . The ulti- 
mate aim of the Japanese Government, as. explained at the. time, is to 
realize the so-called. ‘ eight-eight” system, that, isto say, squadrons each 
consisting of ¢ight battleships and.eight battle-cruisers, and. to create in 
time at least three squadrons of this composition, - But, irrespective of 
financial considerations, there are factors which augur none too well for 
the attainment of this goal within the measurable future. Since the close 
of the war. shipbuilding in Japan has been seriously hampered by the dif- 
ficulty of obtaining steel. She is. dependent primarily on. the United 
States and Great Britain for her supplies of this material, and within the 
past two years her imports from both countries have fallen off consid- 
erably, owing, on the one: hand, to transport difficulties in the States, and, 
on the other, to the fact that the unfavorable, exchange situation makes 
-it more profitable for British: manufacturers to,dispose of their steel in the 
European markets. So serious has the shortage become that this year’s 
output of tonnage in Japan: is expected to be less than 600,000 tons instead 
of the 800,000 tons forecast in January. This scarcity of steel is probably 
reacting on the naval programme, and may account in part for the delay 
in floating out the Nagato. When the war boom in shipbuilding was at 
its crest new yards sprang up in Japan with mushroom-like rapidity. Just 
before the Armistice no less than seventy shipyards were at work in the 
Osaka district alone, a number that has lately fallen to twenty. The home 
steel supply was gravely prejudiced at the beginning of the year by an 
t of. sabotage perpetrated at the Yawata works, the only concern in 
apan. which is capable of producing large quantities of steel. So exten- 
sive was the damage that the works had to be closed down for several 
months... Another factor tending to retard the output of tonnage, naval 
as well as mercantile, is the higher rate of wages demanded by the ship- 
yard workers. Four years ago the average daily wage of a Japanese ship- 
wright,was about.a yen (2s.).. The present-day average is doubtful, but it 
is certainly much higher, and fresh claims have lately been put forward on 
behalf: of the workers. Thus the immense advantage which cheap ‘labor 
gave. to, Japanese shipbuilders over their rivals in the Occident is grad- 
ually disappearing. 
So. far as technical efficiency is concerned, Japan unquestionably stands 
in the front.rank as a shipbuilding nation. During the’ period of inten- 
sive construction brought about by the depredations of German subma- 
rines, many new, “records” for quick building were made in the United 
States,.and.a yard at Ecorse, Detroit River, claimed to have “licked cre- 
ation” by. delivering the S. S. Crawl Keys, of 2,300 tons gross, twenty-nine 
days after the keel had been laid. This achievement, creditable’ as it was, 
has, however, been surpassed by the Kawasaki dockyard at Kobe in the 
case of the steamer Roifuku. Maru, of 5,800 tons gross. The keel of that 
vessel. was. laid on. October 7th, 1918; she was. launched on October 30th, 
and her official. trials were. successfully completed on November 5th. In 
her case, therefore, the building period also covered twenty-nine days, but 
ishe was larger than the American vessel by 3,500 tons, a difference that 
makes the record much, more n speed of ‘naval construction 
the Japanese yards are equally well to the fore. “The 31,300-ton battleship 
Ise, built by the Kawasaki, Company, was completed in thirty-one’ months. 
‘Twelve! 700-ton torpedo-boat destroyers, ordered in Japan by the French 
Government at the beginning of 1917, were all in service ‘by the following 
August;some of them having been built so quickly ‘that: ‘the average 
period ‘for the twelve, worked out at five months. Inthe light of these 
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performances the assertion ‘of'a leading’ Japanesé ‘yatd that, provided the 
necessary material was forthcoming, they would be prepared to deliver 
a battleship of ‘the largest dimensions within twenty months from the lay- 
ing of the keel, a light cruiser within eleven months, and a large destroyer 
within five months, does not appear to be exaggerated. © 

- The rise and development ‘of modern shipbuilding ‘in Japan furnishes 
one of the most’ striking’ instances’ of the national adaptability. The 
squadrons which ‘carried the Japanese flag to victory at the Yalu in 1894 
and at Tsushima in 1905 had’ been constructed almost entirely in foreign 
shipyards. It'was not’ until 1905 that the first large armored warship was 
laid down in a Japanese yard. ‘But since that date more than a score of 
fine battleships and ‘cruisers have been built and completely equipped by 
the national industry, and at the present monient, as ‘we have seen, bat- 
tleships of unprecedented size’ and power are approaching. completion in 
Japan. The growth’of the late Imperial German Navy during the twenty 
years preceding the war was regarded as' phenomenal; but considering the- 
reat difference in wealth and productive facilities. of Germany and 


, eae respectively, the latter’s achievement in the same sphere of: en- 
deavor is even’ more astounding.—“ The Engineer.” 


NAVAL STANDING. 


The fact that we are the only nation which has continued since the war 
to enlarge its battleship strength made it inevitable that the question ‘of 
supremacy of the sea would, arise and form the subject of discussion—in 
other words, that our nayal policy should stimulate instead of helping to 
repress that race in nayal armamefits to which it was hoped that the ex- 
tinction of the German navy had put an end. Evidence of this thought 
and talk is found in an article by Archibald Hurd in a recent isstie of the 
“Illustrated London News,” in which.a very striking comparison is made 
of the strength in capital ships of our-own navy and that of the’ British, 
when our present program of construction ‘shall have been completed, 
that is to say, about, the year 1924, 

_ Except for the finishing up of a few of the smaller types of’ vessels, 
Great Britain has no construction ‘on hand and ‘has no thought of laying 
down anew program... The same is true of Fratice and Italy. In this 
country, at the time the article was written, we had eighteen capital ships 
authorized. or. under, construction, each of which will be larger and more 
heavily armed than any. existing ships in the: world. The ‘battleships in- 
clude the, California and, Tennessee, of 32,300 tons, mounting eight 16- 
inch and, fourteen 5-inch guns; the four battleships of the West Virginia 
type, of 32,600 tons, mounting eight 16-inch and fourteen 5-inch guns; 
and lastly, the six battleships of the. Jndiona class, each of 42,300 tons dis- 
placement, mounting twelve 16-inch and sixteen '6-inch ‘guns. 

In addition. to these are the six battle-cruisers of the Lexington class. 
The designs for these huge, ships have been greatly modified, the speed 
having been, reduced, but the size increased. The ‘displacement ‘has risen 
to 43,500, tons,,and. they. are thus the largest capital’ ships of any kind on 
paper or afloat... They will carry eight 16-inch and fourteén 5-inch guns. 
_ For the. purpose of comparison, Archibald ‘Hurd considers that both 
battleships and battle-cruisers shouldbe divided into two classes, since the 
first: class, or super=dreadnought, to use a rather common but ambiguous 
term, are so much more powerful than the earlier dreadnoughts or battle- 
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ships as to require a separate designation. He considers ‘the same thing to 
be true of the battle-cruisers: : So, basing his comparison on the deterimina- 
tion-of the British to lay down no ‘new ships for a while, he estimates the 
relative naval strength of the two leading naval powers will stand in’ 1924 
as follows: In first-class ‘battleships, the British have ten cartying the 
15-inch gun, and we shall have'ten mounting ‘the 16-inch gun}“in second- 
class battleships, the British have thirteen mounting the 13.5-inch gun, and 
our navy will have eleven, mounting’ the 14-inch gun. © if ano 
In first-class battle-cruisers, the British have three mounting the ’15- 
inch gun, and we shall have six mounting the 16-inch gun: Of’ second- 
class battle-cruisers, armed with the 13.5-inch gun, the British ‘have three ; 
we shall have no second-class ‘battle-cruisers.’ Summing ‘up, we find that 
by 1924 the British*will have thirteen first-class capital ships’ against’ six- 
‘teen in the American navy, and ‘that they will have sixteen’ second-class 
‘capital ships as agaitist eleven in the United States Navy. As 
sideration, he asks whether, in view of the modifications which are sure 
‘to be made,‘ as the’ records of the war are ‘studied, it’ would not' be ‘better 
to delay the construction of new ships for two or three years asthe Brit- 
ish are now doing.’ The answer to that is that our new battleships ‘and 
battle-cruisers are stipposed*to embody the facts of more experience 
THE INTERNAL-COMBUSTION TURBINE, 
The, success which has attended the application of the steam turbine to 
all purposes where previously the reciprocating steam engine had been 
employed, has naturally led engineers to consider whether the internal- 
combustion turbine, that is to say, the, turbine in which either gas or oil 
are burned and the products of combustion led directly on to the rotating 
parts of the engine, might not be successfully employed in place of the 
reciprocating gas or oil engine. The internal-combustion piston engine has 
proved itself to be, possessed, of a considerably higher efficiency than the 
steam piston engine, and it is to be inferredi that as the steam turbine is 
superior to the steam reciprocating engine so, too, we might expect that 
the gas; or oil.turbine would prove to be even more efficient than the in- 
.ternal-combustion reciprocating engine. In an article recently contributed 
to our.columns (see “Shipbuilding, and Shipping Record, ky 29,’ p. 
»577),,@ correspondent gave some estimated figures showing the advan- 
. tages which might be expected in.a vessel of between 4,000 and 5,000 tons 
fitted: with, triple-expansion., engines, steam turbines, ' Diesel engines and 
gil, turbines, and: he, estimates the fuel consumption as only one-fifth of 
that. for a. reciprocating, steam engine of the same power and five-sixth 
of that for a Diesel,engine, While we do not necessarily etidorse our cor- 
respondent's figures,. they, may-be, taken as indicating the ideas held’ by 
engineers regarding the superiority of the internal-combustion. turbine. 
_» Itpis..well known that,so far no. ship. has been fitted with an internal- 
combustion, turbine for .running. under commercial conditions.” But ‘the 
files of the patent office. reveal the fact. that many ‘attempts have been 
-made to, produce, a reliable gas or.oil, turbine although so far these Have 
hardly. emerged from. the ex Seca stage. It will be ‘of interest to 
briefly. survey what has already been accomplished in this ditection ‘and 
to suggest the possible directions in which improvements might'be made. — 
Probably the most successful type of internal-combustion turbine is that 
constructed by the Société des Turbo-moteurs, in which the Diesel cycle 
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is applied, to a rotary engine. Ain,is.compressed, by means: of a rotary 
compressor of the three-stage Rateau. type and this is.led to a combustion 
Chamber; into, which the oil fuel is injected. in the form of a. fine spray. 
Owing to the heat of compression of the air, the oil immediately ignites 
on entering the combustion chamber, and the resulting products of com- 
_bustion expand through a nozzle impinging on a.turbine wheel consisting — 
_of a number of rings of blades these alternating with rings of fixed blades’ 
on the turbine casing, the burnt gases being velocity compounded as is in 
the Curtis type of steam turbine. A turbine developing 500 b.h.p. has. been 
. There are.two great disadvantages to this type of. turbine, the. first is 
fhe high temperature of the burnt gases, and the second is the loss, of .ef- 
ciency due to the rotary air compressor... With regard. tothe first of 
these, it must not be forgotten that the effect of gases,at, very high tem- 
peratures upon metallic blades. depends.not,only. upon. the temperature 
but also upon the velocity, and.at high speeds the erosive effect, is, partic- 
_ulagly.great. For this reason it has been found impracticable to employ 
des made of some refractory substance such as quartz or Slate because, 
while these might withstand the effects of temperature they cannot stand 
up»against the erosive effect due to the high velocity, hence. the various 
forms of high-speed tool. steel which have been’ tried.. Vanadium and 
tungsten steels have yielded good results although the life of the blades 
is unfortunately very short. The blades have been water-cooled similar 
to the pistons and cylinders of the reciprocating internal-combustion 
engine, but while this adds to the life of the blades, it also adds consid- 
erably to the complications of the’ engine itself. The problem here is 
obviously a metallurgical one, as Lord Fisher has remarked in referring 
_to the development of the high-powered oil engine, ‘and it is not unlikely 
“that with the improvement in the heat-resisting qualities of certain kinds 
of steel, a metal may be found which will safely withstand the onerous 
conditions in the internal-combustion turbine. Attempts have been made 
“to reduce the ne temperature of the gases issuing from the nozzle ‘by 
‘mixing them with steam, but while this may have some effect in this di- 
rection it obviously reduces the efficiency of the engine unless the latent 
heat of the steam can be recovered in the exhaust, and it adds to the in- 
tricacy of the machine when one of the chief advantages of the turbine is 
_. The. rotary air compressor is found to be very inefficient at high pres- 
sures and yet a high pressure is essential if the temperature of the air is 
_to be sufficient to cause ignition of the fuel spray. Low compression ex- 
plosion turbines have been devised using gas for fuel, but these must be 
ruled out in considering a turbine’ for marine propulsion as a gas pro- 
- ducer would only add to the weight and space required by the machinery. 
It is not unlikely that the rotary air compressor could be improved so as 
to become far more efficient than at ‘present, and such an improvetnent 
would be one step towards the commercial adoption of the oil turbine. 
In the end therefore the problem as with’ the high-powered Diesel engine 
resolves itself into oné of finding a material which can’ effectively with- 
_stand. the effects of high temperature gases moving with high velocities. 
In recent years the science of metallurgy has made wonderful progress, 
particularly in the finding of materials of t strength. It is ‘not too 
‘much, to hope that the same patient résearch may ultimately yield a ma- 
terial which will be capable ‘of bbb the effects of hot gases ‘is- 
sing from a.nozzle at high velocity-—* uilding and Shipping’ Rec- 
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THE,EFFECT OF .PISTON.DESIGN ON, TEMPERATURES. IN A 

Lathe: By HentscHKe, M, aly 

On. the occasion of an extended. visit. to the Augsburg plant of. the 
Augsburg-Neurnberg Engine Works, the birthplace of the Diesel engine, 
the, writer witnessed a number of. interesting tests. to. determine the tem- 
“peratures, in various.,sections of a Diesel engine piston. Great difficulty 
was experienced in obtaining reliable figures, which accounts. for the nar- 
row range of the tests. However, the subject is of such importance that 
no apology. is necessary in bringing the fragmentary results of these tests 
-to general. knowledge. in. the hope that later material and more compre- 
hensive experiments which, may be in the engineering files of this country 
might become public. 

In, making..these. tests a vertical. four-cycle engine. of the standard 
Augsburg design was used in which the cylinder, jacket.and the A. frame 
are cast in one piece. The cast iron liner and trunk. piston were of. ordi- 
nary design, the main dimensions being, bore of, cylinder 15$6 inches, pis- 


"= Figune 4 - 

TEMPERATURES 
LINES OF SAME TEHPERATURE 

PeR Fuce Load 


ton stroke 24 inches. The rated load of this engine was 90 horsepower 
and it was ‘run.at 220 revolutions per minute. 
all tests common built-up multiple disk atomizer and a 
“nozzle: of 5/38-inch orifice were used. Duration of the running peri 
was for all tests extended long enough % ensure a temperature balance 
in all engine parts, and the temperature of the dag seh water was main- 
tained constant-at approximately, 120 degrees. Fahr. for all variations of 
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‘The piston (Figure 1) of the test engine was originally built up, a lower 
dy serving as a cross-head in the cylinder, while the upper part, which 
is exposed to the heat of combustion, carried also the grooves for the 
piston rings, six in number. ‘This construction, ‘though higher in initial 
cost, allows of cheaper repair, smaller spare parts and selection of a cast 
iron especially ‘suitable for high temperatures. ‘For the test reported in 
Figure 1, a standard piston ‘head of slightly concave shape and about 2%- 
inch thickness was' selected from stock at random; ‘small holés’ were 
drilled from the inside in ‘such a way that’ the ‘ends of a number of 
thermo electric pyrometers (thermo couple) could be brought’ in positions 
. marked 1 to 5 in Figure 1. It may be observed that Couple No.’ 1’ was 
roached as far’as was thought advisable to the top’and center portion 
the piston where the highest temperature was to be expected: The hot 
ene of Couple No, 2 was applied to the inner surface of ‘the center por- 
tion and 3, 4 and 5 were so located on the outside of the head that’a-fair 
picture of ‘the heat’ ‘flow from the piston to the water cooled ‘walls of the 
could be expected. 
The relative situation of the fuel spray sioeste i in coger’ to the’ position 
of the piston in ‘the upper dead center is indicated in Figure 1 by Letter 
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the nearest point of the piston was 234 inches. During this test an: injec- 
tion air pressure’ of 1,000 pounds. a’ square’ inch’ was employed, and the 
erigine was fun at its rated load of '90 horsepower, 

A glance at Figure 1 shows that the' highest temperature; recorded ‘ac 1, 
is about 440 degrees Centrigrade, ftom ‘which figure the maximum tem- 
perature of the piston surface may be estimated at 460 degrees, a tempera- 
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advantage of the deeper piston compared with_the one first used. A 
heavier wall to a certain extent contributes to ‘this favorable condition in 
so far as a larger amount of heat is conducted from the center through 
the metal to the cylinder walls. The temperature at 2 near the inside and 
center portion can be estimated to 380 degrees Centrigrade, which figure 
also compares favorably with 400 degrees ‘of Figure 1. The condition for 
ag piston ring is léss favorable, the temperature there being slightly 

Figure 2 shows clearly the advantages gained with a relatively heavy 
piston head of a shape which permits an unhindered development of the 
“spray cone,” where a uniform combustion is completed before the pis- 
ton is struck. The piston’ surface in all Diesel as well as other high com- 
pression engines forms almost 50 per cent of the combustion chamber; it 
cannot, therefore, be considered, only from the above viewpoints, a proper 
form for same has rather to be developed in connection with the form of 
the cylinder head, which frequently is determined by other factors as valve 
arrangement, simplicity of manufacture or strength and by the system of 
fuel injection used, The necessity of producing as perfect a mixture as 
possible between the charge of compressed air in the cylinder and the in- 
jection air fuel vapor charge is of vital importance for the performance of 
a Diesel engine; the difficulties which are encountered can readily be ap- 
‘preciated by considering the short time (only a few hundredths of a sec- 
ond) available for the mixing process and by considering further the form 
of the average combustion chamber, where a large portion of the charge 
of compressed air in the cylinder is entirely inaccessible to the direct ac- 
tion. of the fuel spray, . ad 
A large surplus. of air, for the coimplete combustion of the fuel and 
therefore considerable heat, losses with the exhaust gasses are the con- 
sequences; Only, through extensive. research work could be determined 
the most favorable form of fuel spray and shape of combustion chamber. 
More light. should be thrown. into, the, theory of the mixing process in a 
Diesel engine which, is now understood to be. effected by the violent whirls 
created. by the blast.of the injection air and the progressing combustion.” 


ture which in the dark could be observed ‘as redhot. ‘The ‘lines’ connect- . 
ing points of same temperatures, which were drawn in Figure 1 as true as 
the limited number of measuring ‘points ‘would allow, indicate an ‘almost rae q 
concentric arrangement in regard to the Nozzle N. A quick drop of tem- 4 
perature will be notified at the point of intersection of the side wall car- ; 
rying the piston rings and the top portion of the piston head. The curves A 
show also the temperature near the first as well as the lowest ring and 
the designer will, do.well. to compare, these with the coking temperatures 
of the customary lubricating oils, 
For the continuation of the tests a new pistoi fread_(No. 2) was used; . 
it had, as shown in Figure 2, a more pronounced concave-shape and also a - 
heavier bottom portion of the 2%-inch thickness. It was drilled and pre- 
: pared for the samé number*of thermo couples in a similar arrangement 
: with the sole exception of No.4, which here was located between Couples : 
4 1 and 3 near the upper surface of the piston head. 
The relative position of the fuel spray nozzle to the piston at upper 
dead center is about 3% inches distant from the-surface of the latter. In- 
jection air pressure was the same as during the previous test, the load car-° 
i ried on the brake was 100 horsepower or 10 per cent overload, the read- 
: ings are shown in Figure 2. In this figure will be seen that the curves of 
z same temperatures are here plainly parallelto the piston surface and the 
: highest temperatures can be estimated at.440 degrees centrigrade, which, 
: in consideration of the overload carried during this test, shows a marked ; 
| 


. The tests with the piston, No. 2, .were.tarried th ‘at one-third of 
the. rated load at various injection air pressures. In Figure 3 are given 
the temperatures in the Points.1, 8:and 4:at-injection air ‘pressures of 850 
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Tempenatunes: at 


load 


pounds and 560 pounds per square inch. It will be noticed that the higher 
Pressure increased the temperature at Point 1 by about 50 degrees Cen 
tigrade.—* Pacific Marine Review, July, 1920.” 


THE TRANSFERENCE OF HEAT THROUGH METAL. 

In marine engineering the problem of transferring heat from one side 
to another of a metal plate is met with in.many and varied forms. The 
two most important are certainly in the boiler and in the condenser, in the 
former where the heat of combustion of the fuel has to be imparted to 
the water in the boiler in order to produce steam, and. in the latter where 
the latent heat of the exhaust has to ba abstracted by conduction to the 
cold circulating water passing through the tubes. In many respects both 
problems are the same, and yet in many others there are wide points of 
difference. It is shown in text-books on the ‘science of heat, that the 
amount of heat which can be conducted through unit area of a metal 
plate depends upon the difference of temperature between both sides, the 
thickness of the plate, and upon a physical quantity termed the coefficient 
of conductivity of the metal. Practical experience, however, has shown - 
that there are other factors to be taken into account, and it is only to be 
expected that the nature of the substance on either side of the plate, and 
‘its physical condition, although not considered in the theory of the con- 
duction of heat, should have a vital bearing ‘on the question of heat trans- 
ference. 
It -has been shown by Prof. Dalby that there exists on' the surface of a 
metal plate a thin film of the substance, whether air or water, which is 
capable of exerting a very great influence on the amount of heat which 
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passes through the plate. While metals are, generally speaking, good con- 
ductors of heat, particularly copper or copper alloys, such as are employed 
in the manufacture of condenser tubes and some boiler tubes, both water 
and air are, comparatively speaking, very poor conductors of heat, and 
hence the existence of the film of air or water on either side of a boiler 
plate or tube or of water’on both sides of a condenser tube makes a vast 
difference to the amount of heat which is conducted through the metal. 
This is,of course, in addition to‘the further resistance to the passage of 
heat which is offered by foreign: matter ‘such as soot or scale, which is so 
readily deposited on the surfaces of a boiler or condenser. It is necessary, 


‘however, to point out that while cleanliness is a sine qua non of good per- 


formance, this alone is not sufficient to ensure that the maximum amount 
of heat will be transferred through the metal; it is also essential that the 
non-conducting layer of air or water shall be as far as possible removed. 

Experiments in the laboratory and practical applications on shipboard 


-have revealed the fact that one of the surest methods of increasing the 


amount of heat which is transferred from one fluid to another through a 
metal is to keep the fluids’ in rapid and, if possible, agitated motion. By 
this means, the films of fluid which adhere to’ the metal are more or less’ 
broken up, anda fresh quantity of the fluid is presented to the surface of 
the metal. Thus, for the best results in boilers, condensers and other ap- 
pliances where transference of heat occurs, it is advantageous if the fluids’ 
are given a turbulent motion, ‘so that they effectively “scrub” the surface 
of the metal, and in many instarices this’ is already assured. Thus; in ‘the 
ordinary marine boiler, it is‘ recognized ‘that the efficient circulation of the 
water in the boiler has a: marked effect upon its steaming qualities, and 
many devices’ are upon the market which claim to impart to the water in 
the boiler that’ motion which is necessary for the effective’ scrubbing of 
the heating surfaces. In the water-tube boiler, this circulation is auto- 
matically obtained, and this is one’ of the reasons for the superior steam- 
ing qualities of this type of boiler. With regard’ to the other side of the 
metal, there are not many devices for imparting turbulent motion to the 
flue gases, although one or two‘can be recalled.’ The use’ of retarders in 
boiler tubes, twisted strips of metal which ‘impart a screw motion to the 
hot gases, certainly owe their effectiveness to the fact that they lead to a 
more intimate contact between ‘the gases and! the surface of the interior 
of the tube. ‘The use of forced or induced draught leads to an increased 
velocity of the products of combustion and thus to a greater ‘heat trans- 
ference through the plates and tubes, although in this‘case it must not be 
forgotten that the temperature of the flue gases themselves is higher. It 
will be recalled that proposals were’ recently put forward by a French 
engineer for the adoption of a system of forced or induced draught, in 
which the air was forced into the furnace in a series of puffs or blasts. . 
Experiments had shown that this led to’a far more efficient performance 
of the boiler and there can be no doubt that this is largely due to the tur- ~ 
bulent motion which is set up in the flue gases as they pass through the 
furnaces and the tubes. 

In the operation of condensers and ‘similar apparatus this principle has 
not been‘ so widely adopted. The motion of the water through the tubes 
and of the steam over them is in the nature of a steady continuous. mo- 
tion, although ‘in the former case the velocity may exceed ‘the critical 
velocity.’ We have previously expressed the opinion that the use of the 
reciprocating insulating pump might be found to yield better results than 
the use of the centrifugal pump ‘for equal volumes of, water delivered in 
view of theimore turbulent delivery obtained from the former, and it is 
not unlikely that the extension of this principle to other cases where fluids 
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are passed through tubes either for cooling or heating purposes would be 
accompanied by improved results... There are, however, ‘other factors to 
be taken into consideration, If the energy expended in imparting a turbu- 
lent motion to the fluid represents a greater loss than that which is gained 
in the increased heat transference which results, the adoption of the prin- 
ciple is not. to be recommended. . From the: question of! heat transference 
per se, the advantage of turbulent motion oneither side: ofthe metal is 
doubted, and, only by careful experiment ‘will ‘it: ‘be possible to ascertain 
whether for any particular case the: advantages are not ‘more than out- 
weighed by the disadvantages.—‘ Shipbuilding and Shipping Record.” 


STANDARDIZATION OF SPECIAL. STEELS. 


_ Even before the war the use of special. steels, possessing special prop- 
erties was making sure and steady. progress, Engineers, had got over 
their. aversion to the practice of heat-treating: steel before use. because 
they could not. deny the vast improvement that.such, treatment brought 
about, and because. it gave to the, steels, to. which, it was applied character- 
istics which they desired and were anxious to. obtain, And helped. by. im- 
provements in industrial technique heat treatment, had: become an. opera- 
tion the results of which were sure and certain, and by experience it was 
found that an extremely wide range of tensile strength, without any great 
sacrifice in toughness could, by heat treatment, be obtained; from the dif- 
ferent steels of special composition containing, one or; more, alloying ele- 
ments. The difficulty lay in the choice.of type when fora given strength 
a wide range of steels were offered, and the engineer'could not decide 
which was suited for his purpose, while generally he was not alittle be- 
wildered by the advice offered in copious measure. by the numerous com- 
mercial advocates of their own brands. out. for.a deal .at, any: price. And 
so it ended, as it will generally end under similar circumstances, in the 
choice of the ordinary material the. properties of which were already well 
known, so that its handling presented no difficulty even. to the least skilled. 
This period of hesitating trial and pioneering was just, beginning to be 
displaced by merited. confidence. when the war broke out and quickened 
to an incalculable degree the rate of progress. With the demand for guns, 
aero engines and tanks, the construction of which consumed. large quan- 
tities of high tensile steel of special composition, grew. a demand for. steels 
of still higher strength and toughness, and this led to, particularized. re- 
search into the properties. of new alloy. steels and. their. heat treatment. 
Ideas were no sooner formed than they were tried in practice, failures 
were scrapped and successes were still further improved, and, every day 
saw the demand for special steels grow greater as the applications of their 
use were extended. Men who would never have taken the risk of handling 
such materials under normal business conditions willingly. stifled their 
doubts for the furtherance of a great cause and threw themselves ener- 
getically into the task of mastering their troubles and their lack of ex- 
perience. “And the result in. most cases was. brilliantly successful, while 
the permanent effect has been, and will be; of great, value to our engineer- 
ing industries since it has broadened their outlook .and improved our 
knowledge of the properties of engineering materials. In five years of 
intensive effort there has been compressed it is difficult to say how many 
years of normal progress). 
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As the result, of such rapid development it,is not unnatural.that some 
of the pH reached must, be considered to be in, the nature of ten- 
tative opinions, and to. modify. or. confirm them time is.necessary to test, 
them under everyday, conditions, At. present the designer of. any part of 
an engine can fix. from his calculations, what tensile strength the. material. 
should possess, to.bear the.load with safety, but having fixed the strength 
of his, steel he has the choice of several compositions.of alloy. steel, all of 
which can be. made to possess this strength by heat treatment. The ques-, 
tion ds to. which should be used then brings into view, the measurement of 
other properties than strength and the share which such properties bear in 
the production of a satisfactory life of the part when in. use... Should the 
elongation and contraction of the tensile test-piece be the sole guide in the 
decision? Or should the impact test, the fatigue range, the Stanton test, — 
the bend. test, the Sankey or Arnold form of alternate bend test, be used 
to discriminate? It is here that experimental work. and experience are 
wanted to help to form a-conclusion.. There are. many. forms. of special 
test available, but what particular property, if any, such. tests measure: is 
a difficult question to answer, The impact or notched-bar test has been 
growing in favor, but there are not.a few. who contend that the, particular 
variety .of toughness. measured by this test and indicated by, a high im- 
pact value does not give any indication of the usefulness or otherwise of 
the. steel under examination, or bear any. relation to the life in-service. 
We.believe, however, that this view is based on an erroneous idea ot what. 
the notched-bar test measures. When a localized stress of high intensity 
occurs ‘in; any, steel: part under load, Jocal.extension may.occur and may . 
lead..also. to the formation of small cracks which, once they. are 
may. spread further and even lead to, disaster. But the chances of a crack 
extending and the rate. at.which it will extend will depend on the energy 
required to separate the crystals without deforming the surrounding ma- 
terial contiguous to the surface of separation. If the crystal grains com- 
posing the material can be split or cleaved easily, then a crack once formed 
will require little further energy to cause it to spread. Now it is just 
this property of the crystal grains which the energy absorbed in a notched- 
bar test measures, and since“it ‘is impossible to avoid the occurrence of 
localized stresses it is essential to see that if they do occur the material 
is in’the correct condition to withstand their effects. Material which has 
a high impact or notched-bar value—and the term ‘high is used: here ina 
relative sense, ‘since it depends on the tensile strength as well—is there- 
fore safer to use since it is much less liable to fail under irregular stress. 
distribution which cannot be avoided in practice. bain 
Specifications ‘are intended to cover the average requirements and to 
simplify “acceptance conditions; and in the case of special ‘steels of high 
strength the task of the engineer would be greatly lightened if some of 
the numerous testing methods were done away with and the acceptance 
of such steels was based on a tensile and notched-bar test only. The Air — 
Board specifications are already in existence on this: basis, and their gen- 
eral adoption is strongly advocated, ; 
The largest ‘quantities of special.steels are used without doubt by the 
automobile’ trade, and a very useful contribution towards the idea of 
standardization’ both in type and application is set out im) a,paper read 
before the’ Institution of Automobile Engineers by Dr. Hatfield. In great 
detail he has’ made’ lists of all the principal parts of a motor car engine 
and’ transmission system, and given for each part the type of steel which 
has been used and the type of steel which he recommends should be used. 
The information’ which is contained in these lists show to what.a great 
extent individual choice affects the type of steel used: for any particular 
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part. Take gudgeon pins, for instance. ‘They have been made’ from steel 
with 80 tons to 90'tons tensile, from carbon case-hardening steel, plain 
carbon steel, 3’ per cent nickel steel, nickel chrome steel, and ‘tungsten’ 
steel. And then, on ‘top of this, Dr. Hatfield recommends 5 per cetit 
nickel case-hardening steel. Steering pitiions have been madé from nickel 
case-hardening steel, nickel chrome case-hardening, air-hardening ‘steel, 
chrome vanadium steel’and even bronze.’ And ‘similar ‘diversity exists for 
every part. The choice of type will‘depend on two factors; suitability and 
cost, and’ in’ general where two steéls are equally suitable the ‘cheaper steel 
should be used. In Dr. Hatfield’s paper, however, the question Of cost is 
not considered, and in many ‘cases, for instance, a nickel steel is recom- 
mended where a plain carbon steel would be equally suitable’ and much 
cheaper, If a tensile strength of not greater than 45 tons per square inch 
is necessary, then a carbon steel will fulfill all that is wanted, and’ it is 
needless expense to usé an alloy steel in such a case—always provided, of 
course, that strength is the main deciding factor: Or aoe hie 
But the effort to avoid confusion and to specify foreach part a stan 
ardized material deserves ‘all the support that can be given to it, not only 
for the automobile manufacturers’ benefit, but for the steelmakers’ benefit: 
as well. There is no‘ néed to point out how standardization in types: must 
cheapen the cost of production, and ‘since special’ steels are necessarily ex- 
pensive it is a further argument in its favor. It can only be carried ‘into 
effect through the combined efforts of the makers and’ the users, ‘and 
after careful consideration has beén’ given to the conditions of service of 
each part and to the extensive experience gained in the use of diverse 
types for the same purpose.’ But''the time is’ ripe for this to be under- 
taken, and the paper of Dr. Hatfield focussing as it does some of the dif-' 
ferences, comes at an opportune time.—* Engineering.” fot 


TESTING TURBINE STEELS. 
In determining the quality of the steel: forgings which are-used in the: 
construction of steam ‘turbines, the simple tensile test of a, specimen) can- 
not alone be taken as giving a complete index of the mechanical properties. 
of the forging. “This was clearly exemplified in the paper, recently. pre- 
sented to the North-East Coast Institution of Engineers and Shipbuilders, 
by Dr, Hadfield and M. Duncan, in which a large number of other 
tests were described, all of which gave an insight into the various proper- 
ties of the forging. It was admitted that the tensile test gives a good in- 
dication of the quality of the material, though perhaps not sufficient. for. 
absolute reliance. ‘It is suggested that at least one other, test, might. be 
introduced which would confirm or otherwise the conclusions drawn from 
the tensile test, and they recommend the Stanton test as approaching near- 
est to the conditions: likely tobe’ met with in practice, In ,this. test the 
effects of an alternating shock are measured, blows at the rate of 96 per, 
minute being: delivered on either side of a grooved test specimen resting 
upon supports. The number of blows required to, cause fracture at the 
groove is a measure of the quality of the material to: resist. the effects of 
alternating stresses which, of course, the simple tensile test does not.meas- 
ure. In view of the conditions which obtain in a heavy rotating mass, it is 
apparent that some such simple test in conjunction with the tensile test is 


required.—* Shipbuilding and Shipping Record.”” 
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bas _(FHE ENGINEER sit ; 

There is no branch of scitnce which ‘does not come within the purview 
of ‘the ehgineer sics, mechanics, chemistry, for instance, are, all re- 
quired in measure—depending ‘the, actual. type of. plant..or..product 
with which he is concerned, Of the three branches of physics——heat, light 
and sound—it is generally only to the first that much attention is given, 
wheres it is. with sound primarily that these few notes. deal. 
~The man in'charge of any type of machinery knows well the beat, of, his 
engine and the sounds which are to, be expected, and experience gives a 
well-attuned ‘ear for discerning any unusual sound indicating untoward 
circumstances or faulty operation... In the workshops, noise cannot but 
detract from efficiency, certain noises haying notably, greater influen 
in this respect: than others. It has been. stated, for instance, that wi 
certain types of marine machinery, their noisy, operation, Jeads. to inefh- 
cient service of the personnel in charge, A number of examples could be 
given where noise has been an important. and even a. determining) factor. 

When gearing was first introduced in marine, equipments,, between .t 
turbine and the propeller, it was thought that the sound of the grat woul 
be a distinct disadvantage to this type of machinery, ; especially; in. pas- 
senger, vessels. These fears, however, did not materialize, although, if the 
gearing is not well and carefully machined and aligned, it is possible ior 
such a note to be set up. as to make conditions in the engine-room—any- 
where in the vicinity of the gear-case—exceedingly unpleasant, until such 
time as the necessary wear takes place to. give the requisite tooth bearing 
surface for sweet running. Good running mechanical gearing gives.off a 
“hum” which is not in any way, unpleasant and which on deck or in the 
cabins adjacent to the engine-room can only, be, very, faintly heard, and 
does not compare unfavorably with the ordinary beat of, the reciprocating 
_ Great, as the advantages of the marine Diesel oil engine undoubtedly 
are, silence does not generally lie to its credit, The beat, of the exhaust, 
the clatter of the valves and the other noises attendant upon the use of 
such, prime moyers result. in a relatively noisy engine-room, In, time, 
nore attention will, undoubte be. given, to this. design, and. 
there, would seem to be no, intrinsic .reason. why the Diesel oil engine 
‘should not compare favorably, in. this respect. with the average recipro-, 
cating, steam, engine... Take, 


Take, for, instance, automobile practice and, con- 
the t improvements, in regard to, the. silent operation of the 
,and transmission. mechanisms, which haye been. effected within the, 
culminating today. in, a_complete power, plant which, for 
refined, Operation, leaves, little room. for ig dn, 
his class of work, doubt. that the introduction of 
the ‘sleeve valve engine had a very, distinct influence, but’ for th 
ensuing competition to. meet the. demand for a refined product, the average 
poppet, valve, engine. might, not, have reac ed today the present stage of, 
development. ‘The. “ Silent Knight engine as. it was then Known, set 
standard, to. which, designers,,of, the, ordinary, type of engine had 
being, drawn into, the’ maid ‘cylitiders though the’ 
in e pi § ald 
2. The cylinder head valves, on closing, “hitting their’ ‘seats! ‘and, 
opening, the contact of the cam with the roller. 
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3. The exhaust leaving the‘ cylinder éntering into the exhaust pipe, and 
from the exhaust pipe passing into the, atmosphere. sey, Ge 
The ‘whistle of ‘atty gas or air leakage’ past the main piston rings. 
The hammer action of any pumps ‘or of their valves. 
6. The tiatifal rumble’ of an’'engine'in motion” he 
noise’ the gearing driving’the valve’ shaft, and other parts 

These are given probably in the’ order’ of their importance, and they 

Induction may be silenced by int up the’ inlets to the’ various cylin- 
ders by'a common’ suction pipé and leading this pipe to a suitable part 
of the engine-room to ensure the relatively silent intake of dry, cool air. 
This system, furthermore, is to be commended as probably givitg’a Kighes 


efficiency of induction than individual pipes to’ each ‘cylinder, and Hi 


tainly has a very considerable influence in silencing ‘this operation. ‘Tt 
hammering of the cylinder head vatves on their seats cannot entirely be 
avoided; there must be clearance between the roller and its cam; there- 
fore, on closing, the valve will’ strike the seat with a‘certain velocity, and 
similarly on ‘opetiing the cam will strike the roller. This velocity can, of 
course, be reduced by altering the ‘cami shape, but it has been generally 
found by experience that such a course teads to a disproportionate loss 
of volumetric efficiency. ‘The ares, Haetrey can ensure that the moving 
mass arrested when the valve strikes the seat, is a minimum, and that the 
weight .of valve gear attached to the valve is reduced as much’ ds possible 
to this end. With certain designs of valve gear, not only is the weight 
of, the valve itself to be considered, but a certain amount of valve géar is 
so ‘attached thereto that this weight must: be added to the weight of ‘the 
valve when calculating the mass effect.. In the engine-room the exhaust 
from the main cylinders causes very slight noise, and can only be silenced 
by, water-jacketting and lagging the conducting pipes. Where the exhaust 
passés to the atmosphere, whether in a funnel or not, the question of 
silence is difficult of solution, but calls for special attention, as in a hum- 
ber “of Diesel engine driven ships this continuous beating sound is’ un- 
pleasant. By means of expansion chanibers in the exhaust’ line between 
the engine and the outlet to the atmdsphere, and’ by ensuring that such 
noise as does take place at the exit is not intensified by’ structutes’ which 
can give rise to “drumming:” improvement ‘can often be made. 
Piston-ring leakage should not occur' to any appreciable extent, and it is 
desirable that the bottom sides of the cylinders should be closed’in with 
handy doors for ready access, and that these spaces should be ventilated. 
It has become more general practice now ‘to drive separately the’ necessary 
pumps, such as those for cooling water and lubricating oil, and rotary 
_ pumps which are notably silent, are ‘gaining favor for most purposes. 
With a forced lubricated engine, the rumble is very small. It is caused by 


the displacement of air by the moving parts, and can only’ be reduced by . 
having’ well-fitting access doors which do not rattle. Accurately-machined 


' gearing running in an oil bath can be made remarkably silent. 
If the various points to which atterition ‘has here been drawn ate all 
considered, in the design, the Diesel engine might be made 'to operate 


fe 


are raised with a view to encouraging designets to pay more ‘attention ‘to 
this bject, of. noise, than has been the case in the past, since; from'the 


standpoint of the operating eriginéer, the question is ‘one of very consid- 
erable importance; Engineering.” tobail “ait. & 


almost_as silently as the average réeciprocating’ steam engine. ‘These’ points. 
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TRIMMING. OF SUBMARINES BETWEEN TWO! STRATA 


iis, well that in some’ seas the divided inte: of 
different temperature with a definite surface of cleavage between them: 
As the density of the: water depends ‘directly: upon’ the temperature, it 
follows that the trim of a submarine when completely submerged is in- 
fluenced when :passing from one Jayer'to another. ©In considering the pos- 
sibility sof keeping: the submarine between two layers it is necessary to 
consider the two factors: which remain the’ same, viz., ‘the volume’ of 
and: the ‘weight of the: displaced 


EEFECT OF INCREASED PRESSURE... 


The suhedel of” he submarine may change for various reasons, the two 
principal ones ‘being’ the pressure ‘exerted on’ the ‘hall at’ various depths 
and ‘the changing tefiperature of ‘the hull itself. Assuming ‘that with 
increase of depth the form of the submarine’remains absolutely’ the same, 
then the diminution ‘of volumé caused by increased pressure on the hull 
is of no importance, ' provided the’ hull is of circular’ section: | In’ those 
types of submarine which have a section far from cylindrical, the pressure 
of the water causes a certain amount of elastic: deformation, albeit a 
small one, To attempt to trim the vessel with the deduction of too small 
a volume, is unwise, since the oscillations which occur while trimming 
increase in, amplitude with the increase in the volume to be deducted, and 
if too small a volume has been deducted at great depths, it may lead to 
the vessel submerging to depths greater than, the hull can safely resist. 
It is necessary, therefore, to ascertain the actual volume by deducing the 


VARIATION oF TEMPERATURE. ¢ or SEA-WATER, 


next the question of variation of temperature, it must be 
pointed out that if the ‘submarine is ‘of the double-hull type, when the 
vessel is on the surface, the inner hull, since it is not'in contact with the 
sea, has a temperature approximating to that of the interior which may 
differ considerably from that of the sea. Generally it is higher when 
the engines have been running any length of time either for surface ‘pro- 
pulsion or for chatging the batteries, or when the vessel is exposed to the 
sun. On submetging, when the ballast tanks are flooded, the inner hull 
becomes cooled and has a tendency to twist. The cooling proceeds slow- 
ly, however, since it is comperisated by the heat generated in the electric 
motors and batteries, and by‘ the life of the crew in the’ submarine. It 
is only some time after the vessel commences to dive that any difference 
of temperature can be observed. The volume’ of the hull changes slowly 
on this account but only a few cubic millimeters for every 100 tons of 
displacement and for dégree of reduction of “These 
variations are, therefore, of no great importanice. 


CHANGES OF DENSITY. 


“The density of the sea-water also changes ‘for ' several ‘reasons, 
which may be mentioned increase of pressure, variation in the 
salts in solution and changes bu the The’ first’ of these’ is‘ so 
sthall’ that in, _Dractice it may be eglected, but the ‘second “at ‘and third have. 
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considerable inportance in studying ‘thé possibility of immediate trimming 
of submarines. The effect of. salts in ‘solution is to cause a considerable 
increase of density which, measured at a standard temperature of 17.5 
degrees C., varies between 1,010 in the Baltic Sea to 1.040 in the Red Sea, 
and assuming that a submarine may operate in waters where the density 
Varies, say, {fom 1.010 to- 1.036, -it:is obviously necessary for the’ volume 
of the compensating, tank of, the: vessel to be: not Jess than:2 percent of 
the displacement. when in surface trim. For example, a submarine of 250 
tons, passing, from the lower to the upper Adriatic Sea; meets with water 
changing. from, 1.0294 to 1,0252, so that the change of buoyancy is ‘equiva- 
lent to.a loss of one ton in displacement, this being due to the change of 
four-thousandths in density; Similarly, in passing: from the Mediterran- 


“ean Sea to the! Black there is a/change: of density: of fifteen-thou- 


sandths, representing a change of buoyancy of nearly four tons. Again, 
the composition of the water varies’at different depths, particularly in the 
Mediterranean. Sea, and in zones, near large.rivers. where, the mixing of 
fresh and salt waters is found to. result in, distinct layers.of water, of dif- 
ferent senate depending, upon, the, seasons, whether the, sea is calm or 

_ The effect of variation. of temperature is even, more pronounced,, Phe 
coefficient of increase of volume varies. with.the temperature.as shown. by 


nel CALM' OR’ ROUGH’ SEA EFFECTS, or 

‘In the Mediterranean, Sea the temperature in. the, summer changes: from 
25 degrees C. at the surface to 15 degrees C. at a depth: of 25. meters, and 
since the increase of buoyancy for every degree of fall of temperature is 
0.24 kilogram per ton, submarine of 300 tons’displacement in surface 
trim there is an increase ,of buoyancy of 72,kilograms, per degree or 720 
kilograms, in submerging to a.depth of..25. meters,,,,In, the Adriatic, Sea, 
the author hasobseryed a, fall_of temperature, of, one, degree, for every 
two. meters of depth from, the surface,.so that it is necessary, with a 300- 
ton submarine to; add 35, kilograms of water, for every: meter. that. the 
vessel dives, , This, effect is less marked when the sea.is rough. .Accord- 
ing to the roughness of the sea, a surface. zone acquires, a uniform, tem- 


From25° C.'to 80° 


In perfectly calm; weather, but after a, period .of rough \seas,. zones of 
th of, 23. degrees C. and 
ten a, tu 


TRIMMING, 
_ In conclusion, it, should be remarked; that the change of buoyancy due 
to temperature must, always be considered if it, is desired to eect rapid 
trimming of the submarine... This can be obtained by measuring the tem- 
perature. of), the, sea..at different, depths, by, means: of -a_ thermometer 


‘serted through the side hi the conning-tower, the vessel being maneuvered 


| 
r 

meter the temperature to 16 | constituting a layer 
water. in, order ito .pierce which, an, increase. 200 kilograms was re- 

quired,,in.a vessel .of, 500, Sons: pee Jayers, 

larly noticeable, in.spring, and summer, but, in. autumn they become less 
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in depth, until: a.zone. of water is reached, where: the 


tempera- 
ture.are not very sudden, In sucha zone: the:trimming of the vessel will 
be. simpler. and:more .lasting.. It has, been found. that by making allow- 
ance for the, variation of temperature, particularly in spring and summer, 
and when the sea is:calm or has recently been so, that it is possible to so 
trim a submarine that she floats with the periscope scarcely showing 
above the surface, it appearing as if the submarine remained suspended by 
the periscope. Then, if the periscope is drawn in, it is possible to remain 
at this depth totally submerged, but without diving. The* author has him- 
self remained on several occasions: resting. for periods of eight to. twelve 
hours at depths of 15 to 20 meters;-although at these BO the periscope 
cannot appear above the siirface—“ Shipbuilding and Shipping Record.” 
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_ ALIGNMENT METER FOR TURBINE GEARING. 


In a leading article.on “Geared Marine Turbines” in our issue of May 
7th last. we referred to the troubles which .double-reduction turbine gear- 
ing for steamships is causing, and suggested that steps should be taken 
to design instruments that would. check the alignment_of the.shafting 
which carries the gear wheels. Evidently the need: for such an apparatus 
had_already been felt by the makers of geared turbine installations, for a 
patent was taken out in January last.by. Mr. William Eccles and the:Met- 
ropolitan-Vickers Electrical Company, Limited, Manchester, for a simple 
and ingenious device whereby the:lack of parallelism of two or more 
shafts can be measured and registered. ae 

The apparatus is shown diagrammatically in the accompanying illus- 
trations, the underlying principle of the design being that if the over 
shafts are truly parallel then the point C—Figs. 1 and.2—must.be in 
plane defined; by;the points A, B and D. es 

Two beams, called the support beam and the indicator beam, are em- 
ployed. The former rests ‘upon adjustable hand wheels which operate 
upon hollow supports fixed into the bearing caps over the points A, B 
as shown in the detail sectional view—Fig.-38:By means of the hand 
wheels the support beam ends can be raised or lowered as desired, so that 
the top of the support beam end over the point B may be brought flush 
with the top ofthe: gauge’ rod F, which: passes’ throughthe hole in the 
end and rests on the top of the shaft at B. Similarly the gauge rod E— 
Fig. 1—fixes the vertical position of the end of the support beam above 
A, and jin this mariner the position of the ‘conical ‘pivot on top of the sup- 

ort beam ‘is provisionally’ fixed ‘for the purpose’ of ‘the test relatively’ to 
he points A and B on the shafts. The gauge rods E and F are now taken 
out and replaced by’ gauge rods’ G;'H respectively. The itidicator: beam 
is next, placed on the conical pivot support so’ that ‘the ‘faced underside of 
the overbs ance weight—see Fig. 1—rests' on ‘the top end of the gauge rod 

It will. thus be evident that the indicator beam résts onthe pivot sup- 
port and the gauge rod H, At the’ other’ end of the indicator beam'there 
is a Brown Sharpe dial ‘inditator’ graduated in 'thousandths'of an 
inch, The contact knob of this dial’ indicatér rests ‘on ‘the ‘top ‘of the 
gauge in this way ‘feading” is ‘obtained. ‘The dial: is turned 
to make this reading zero. 

The indicator be m how ‘swing’ ratitid, ‘so’ tat! the overbalance ‘weight 
is ahove D, the facing under the weight ‘restirig upon. the’same’ gauge! rod 
placed ‘in’ this second position. indieator contact 
knob res Son e gauge rod G in its tiew position C, and if: the:indicator 


- §58 NOTES. 


shows a zero reading the two’shafts A C and D B are ‘in ‘the ‘same plane. 
Ifa reading other than zero is obtained, then the pliis of minus register 
will serve guide for chocking up‘ the gear case. Incidentally it may 
be: remarked that for testing for co-planar alignment ‘inthe works’ the 
support beam might be dispensed with and the pivot support carried di- 


1,2, AND 2—ALIONMERT METER FOR TURBINE GEAR 


; 
Main Shape 
Beam fot Zero for 
3 
MOY 


All, the adjustments and settings, described above are made when there 
is. no load on the gearing, and when it is not in motion, When the gear- 
ing is running, in view of the fact that there is always a certain amount 
of clearance in the bearings, it is probable that the shaft journals will rise 
or fall in their bearings, and this condition would effect the zero setting 
above referred to.. To obviate this trouble the gauge rods E and F are 
replaced through the.support rod ends.over A and B respectively, and 
the supporting: hand wheels are, readjusted to bring the tops of the gauge 
rods flush as before, In this way, the conical pivot, support is brought 
back to the same position. relatively to, the points A and B, and the zero 
setting regained, while the indicator beam is, still in, the working position 
over C and D. With these points attended to the dial indicator may be 
read. at any time. It:should, of course, be understood that the diameters 
of the journals at A, C,.D.and B should be. very carefully measured by a 
micrometer gauge, and when they are known, the necessary corrections 
of 'the readings can be made for the relative positions of the shaft center 
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lines.., The meter is shown applied ‘to the high-speed pinions only,’ the 
assumption: being that: these pinions were in line when erected in the 
shops, and when all the necessary: bearing adjustments required to tnake 
the low, intermediate, and high-speed shafts line up’ were-made. In:such 
circumstances, when the gearing: is erected on board ship, it'is only neces- 
sary to get the high-speed pinions true with each other, when the running 
shafts will also be in line, if the gear case is strong enough to resist cross 


bending. Ee bowerver , it, be possible for the gear casing to spring or bend 
transversely, ‘then. it would be necessary to = the meter between the 
low-speed shaft.and each pinion, 


ial will be seen from. Fig. 4 that the beams are of very light cor truction, 
and are built up of some light metal such as “duralumin.” The weight 
of the beam. if of this metal be ia the 

of 25. pounds, an t of the support beam 35 pounds, so. that. the 
total.load on, each hand wheel. would be about 30 pounds—“ The En- 
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SURFACE CONDENSER PROBLEMS,” 


Mok 


training of ‘the sea-going engineer of fifty yeats or mote ago'com- 
prised careful instruction in the precautions necessary to prevent the de- 
posit of salt in the boilers, and he was provided with and used regularly 
instruments by which the salt content of the boiler water could be ‘de- 
termined, He was, moreover, warned that the boilers ‘must be’ blown 
down regularly every few hours’ and ‘filled again with’ fresh water 
if serious trouble was, to be avoided. The waste’ of heat’ in’ this ‘process 
was of course obvious, but nevertheless, it took many years ‘to ‘introduce 
the surface! condenser. into..sea service, Marine superintendents have, 
however, always been highly conservative, and m more to 
accept the evils they know and can more or less control; than to risk the 
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possibility of) unforeseen difficulties arising from the working of apparatus 


previously -untried:at seal :For: this: lack of: enterprise :they' are ‘perhaps 
hardly to’ be! blamed::: Neptune, according :to Kipling, exhorted the pioneer 
niavigator to hesitate before’ ‘he’ tetnpted the! seas with untested’ expedients, 
and» warned: the adventurer that» he must not make: at ‘all; “or make 
good’: his: ‘bulwarks and ‘his: ‘breakdown’ at’ sea still very 
serious matter ‘even’ when,’ as’ now, ‘the: traffic is: pretty dense ‘on: most 
of the ocean highways; and in the middle of last century such a mis- 
chance was naturally even more likely to prove disastrous. It is thus per- 
haps hardly s ising that although the surface condenser was conceived 
by Watt fully eo ago, and actually introduced, into service by. Hall 
in 1831, it did t -bécome afiything like universal in marine engine prac- 
tice until sever: decades later. “No doubt the earlier installations were 
the. result-of much thought“and experiment, but practice-soon crystallized, 
and it was conimonly thought, thirty years ago, that _we knew. about ‘ait 
was ‘necessary to-know as=to surface condensers. The-surface provided 
was, in short, fixed by certain empirical rules, a-common allowance’ made 
being 1% square feet»per:TH.P., whilst in other cases it was made. a 

certain» fraction of the boiler heating surface. -The introduction of the 
steam’ turbine-with its capacity of expanding the steam right down to the 
condenser presstire soon made it evident that these empirical rules no 
longer:provided adequate guidance. New investigations »were® undertaken 


and ted, mn Mainly by a process of trial and error, to the entire regasting of 
condenser, Gesign. The old marine engine condenser with is pale plates 
inten fo “Spread thesteam’ uniformly over the tubes, ‘Steam 


lanes whi used to be provided through the uppér nests, have been dis- 
carded as not merely useless but actualy prohibitive ‘of efficiency. 

Thus in essentials the modern surface condenser is a simpler: piece-of 

apparatus than:the Designers have: gradually been 
forced to realize that in the main condenser efficiency was dependent on 
the reduction to a minimum of the amount of air. collected in the casi 
and it further béecathe apparent that stich ati itreducible’ minimum’ of 
as had perforce to be retained must’ be’ prevented from jacketting’ the 
tubes. To this end the steamway, is contracted’ systematically’ as 
densation 50 maintain’ to the ultimate’ end ‘good of 
steam over the tubes. 
‘i ondensers are, however, built for other’ purposes ‘thai’ for’! 
to liquidity the team, exhausted from a steam turbine, and ‘in these ‘con- 
densers, types of design discarded as ‘injurious where ‘a high’ vactium ‘is 
desired, are retained, ‘and in some cases it would seem with considerable 
advantage. 

In a paper* read on Monday evening last, Mr. C. Waldie Cairns and 
Dr. J. Morrow described a series of ex ents on condensers, which 
they have carried out on behalf ‘of the orth-East Coast Institution of 
Engineers . Ang Shipbuilders, ‘The, condensers which were used for the 
tests. .were, an the type .employed for condensing the steam from the 
auxiliary machinery, “Here steam is condensed at’ at- 
pressure and I to the’ boiler-feed pumps. Four 
types; of, condenser. were, tested, ich ‘of the “contra 
were provided w drainage. One. was oF 
common .cylind type,,and the fourth of the haped ‘pattern’ ‘now 
largely, adopted steam, Practice, “The ‘smallest 
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experimented with had:250: square: feet of susfaces and was: intended to 
condense: -8,750 pounds: of. steam per: hour,! whilst : the cylindrical con- 
denser, with: 600: sqhare feet of: cooling: good 
for:?,500:pounds: of: steam ‘per hour: This: also: was: the: rated capacity 
the pear-shaped) condenser; :which: had square’ feet of cooling surface. 
Inthe: tests the: was: fixed by determining: the 
quantity steam which,: with the’ supply. of, circulating: water available, 
could be condensed:!without :the temperature: of | the: condensate: rising 
above:180 degrees: which: was considered to be the for the: supply 
of: thé feed) pumps: under normal conditions: of :»working. 
(The. inferiority of the common. ‘circular condenser) was ale very! 
parent by: the research. Thus. this: condenser}: withi:its:, 600: square: feet cof 
cooling surface, condensed 11;200 pounds: of) steam hour when: sup- 


pounds: .of> circulating water per, hour at:-am inlet 


perature’ of:91 degrees .The condensate had: a:temperature of 141: de- 

grées:F) |The smallest con © with «biit;250, square: feet: of cooling sur- 
pounds of): steam per: hour,:the) circulating water 
supply. being: 148,200 pounds) per’ hour with) an- inlet temperature: of 89.5 
degrees» F., : whilst:the :condensate temperature: was. 143. degrees 
this: condenser: the lower: ‘tubes! were drowned ini! the condensate,and the 
latter 'was thus cooled before: falling’ into ‘the: hot well..:Dhis device origi- 

nated, we believe, with ‘Sir Charles. Parsons; being -adopted . for the. con- 
denser. supplied’ with the: famous Elberfeld turbine. It is) not gen- 
erally used for: steam tuftbine condensers, since the provision..of, special 

means: for the: more thorough extraction ‘of air has-rendered, it 
sary to take special steps to reduce the temperature of the condensate. . It 
will be seen; however, from: the foregoing that. the the plan seems; well worthy 
of adoption for auxiliary condensers. .; 

Im theirintroductory observations, Messrs. anid; Morrow. remark 
that ‘the apparatus’ at their disposal was such as: to make; possible: merely: a 
comparison: of: the performances:of the four condensers.submitted to test, 
and: that they were: ‘unable :to extend: the: ‘investigation into one.on the Jaws 
of heat! 

recent good many directed: this. have 
both here: and in’ subject alan been 
vestigated theoretically. In no case.can it be said that, much, progress, has 
been’ achieved. Too: many experiments ‘have ‘failed. to note, that, the. resist- 
ance''to 'the ‘transfer of heat: from steam 'to circulating. water, is,complex 
and‘ cannot: be ‘expressed by a single: term. On’ the, steam. side,,the, resist- 
ance is immensely increased by: the presence .ofiair. As, the steam, drifts 
towards a cold tube it carries with it any air entrained.;; On: reaching. the 
‘cooling surface the steam disappears as water, »but: the, air remains; jacket- 
ting ‘the tube ‘and: hindering’ the ‘access of fresh: steam.» It; is this that 
makes’ it essential: for securing: good: results ati high wacua,) to maintain,a 
‘rush steam past to sweep: dway: the air,which tends 
to collect ‘Apart: from this ‘air jacket practically, the -whole;. resist- 
‘ance’'to the transfer on the steam side is to; be found im the film of 
water on’ the! ‘condensing: surface. >This seems; to, have. ,, 
average thickness’ of the order of; dne! mil.; i is; of; course: invisible. ;; 
it’ thickens, “however: the | excess: collects up “into; drops,;which can 
seen on: ithe ‘surface ‘ofthe tube’ if means be provided: to. this ;end.... T. 
resistance! to heat’ flow: through’ the tube but: that on 

water side may!bé very: considerable éven-in the absence: of the: deposit 
td which condenser stubes' are liable under: certain; working.conditions. 
With ‘suitable provision for the extraction) of air the: resistance: to heat 
the’ steamt “side ‘of the tubes isi probably fairly constant,, but.this 
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is far from being the case with the resistance experienced on ‘the’ water 


side even with perfectly.clean ‘tubes. Quite comimonly ‘experimenters, 
botlt here’ and-in America, ‘have measured the total:resistance to» heat 
transfer fromthe» steam: tothe water and endeavored ‘to ‘find formula 
for ‘the heat flow, considering this total resistance: as consisting of one 
term. only. Some very’ curious formulas have been proposed accordingly, 
but the trouble that has invariably arisen is that! each new ‘series of: 
periments has required a new formula to express the:results;) 

“On. the theoretical ‘side the’ pioneer was Osborne Reynolds, but his work 
was not-only incomplete but has been frequentl:: misunderstood: and: mis- 
applied. Many have> thought it possible to: deduce ifrom his’ formula the 
wall temperature ‘of ‘the tube; but what he really deduced was not: this, 
formula giving ‘the’ temperature of ‘the inside: face of the film of 
liquid which adheres: to the walls of the tube and on the average ‘takes: no 
part in ‘the general:turbulent flow the mass ‘of. the: circulating: ‘fluid. 
Even‘so, his formula:is ‘only’ applicable to very low rates: of heat transfer, 
a paper° read: ‘someeighteen’ months ago’ before the Institution of 
Engineers ‘and Shipbuilders in Scotland Professor A. W. Porter, F./R:'S., 
attempted to deduce from: the theory of dimensions’: the thickness: of 
the viscous’ film which slides along the wall of the tube, and the resistance 
of: which’ constitutes undoubtedly ‘a large fracticn of the total resistance 
to heat transfer.’ Here again, however, ‘the’ method employed was valid 
only if applied to ‘cases’ in! which ‘the rate of heat transfer is extremely 
small,’ a’ condition’ which ‘was: not» satisfied in Webster’s® experiments,’ the 
results of ‘which were: wmpiapet: ‘by Dr. Porter to ‘determine the value - 
his constants. 

‘In fact, in both Reynolds’ formula and in’ that of Dr. Potter. there: is 
a term dependent on the viscosity of the water, but this. viscosity dn con- 

practice is very: far’ from being: constant across any given 
of the tube, ~ Thus’ the fact that the average: temperature, viscosity :and 
velocity of the water is the same in one’ tube‘as it is in’ another the 
‘safhe diameter is no guarantee whatever that the resistance to: heat ‘trans- 
fer will be the same in the two cases. In fact, the higher the temperature 
of' the tube! the smaller will: be the viscosity of the adherent film. of fluid, 
afid this film will thus ‘be thinner‘and offer less resistance,’ the steeper the 
temperature! gradient ‘along the cooling tube. It would appear, therefore, 
that any ’ rational’ formula’ for resistance to heat flow onthe: water 
side! of ‘a’ condenser ‘tube. must 'include a term: dependent on ‘the :tempera- 
ture gradient along the tabe and cannot be expressed, in terms merely. of 
the ‘average velocity . | of thes: and: of. the 
diameter of the tube. 

“In ‘the meantime: to: to doi the 
best they cah without the aid of a really rationabitheory:of heat transfer. 
Such ‘@ ‘condition ‘of ‘affairs is no novelty, andsit «is: notorious the 
steam ‘engine’ was’ brought ito a high pitch, of :perfection, with. but little 
guidance save of the most general character: from thermodynamic theory, 
and "probably the best present practice: in’ condenser. construction ; 

but little-by further development: of its: theory: _ the same time 
a! similar feeling ‘to’ that: which. makes us take.an interest. in- facts. about 
distant Sirius, ‘or: details: of» ed 

pt atid “Mesopotamia, impels enginéer to ‘desire: fuller -reasons for 
of work than the mére fact’ that ‘such ‘methods: have. been 
successful’ in’ the ‘past. Rules of thumb’ thus: provided are often. exceed- 
ingly convenient, but’ the: designer can never feel: cértain. as.to how, far he 
is justified’ sk ‘trusting ‘to them outside of the limits, actually; covered / by 
experience in ‘the past. This! in: sufficient, reason. for. the, desire 
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to rationalize’ all engineering |formula, and) for: further, experimental and 
theoretical inquiry: into the::laws of heat transfer... Such, however, to 
prove useful must be made with:a fuller appreciation of the: real nature 
of the problem: than: has; commonly -been ‘the case in the past: A clear 
distinction must be! made. between.the ‘resistance to flow on the steam and 


on the water sides of the tubes, and each determined independently and 


in conditions — to in: condenser 


REDUCTION GEARING ON STEAMSHIPS.. 


"The success of the earlier installations of gear- 
ing on turbine-driven steamships has of late met with a check owing to 
the fact that certain gears ie tly fitted have suffered excessive wear 
in service. It is noteworthy, however, that the failures are confined to © 
double reduction gears, whilst single reductiom gears still continue to give 
satisfaction in, spite,of large epee inthe load imposed on the teeth 
and in the pitch line speed. In one in which- 18,500 horsepower is 
transmitted through a’ Single pinion ‘the pitch-line speed™is 132 feet a 
second and the load per linear inch ‘Of pinion face is over 1,000 pounds. 
In another installation this load is 1,145 pounds per linear inch, and the 
pitch-line speed is 125 feet a second. Breakages have been astonishingly 
few, and where they have occurred have been traced to faults in the ma- 
terial or in the minor details of the design. In his recent valuable con- 
tribution to the proceedings 'of- the Institution:of Naval: Architects, Com- 
mander ‘Tostevin stated’ that:out of a total of 556.sets-of single reduction 
gears supplied to the Navy only three-have had) to be removed for refit, 
and this necessity arose not from any failure of the: gearing proper but 
to the fact that owing to the straining .of the hull of the rye during 
service, the turbine and: gear shafts: had: got: a little out. of alignmént. 
There have been only two:cases of broken teeth in service, but on removal 
fa the or material the: Bears move: continued: to run satis- 
‘actorily 

‘In the widrosintile tedectian: eters: equally 
Merchant ‘ships however, for the most part are low-speed 
vessels, and it is inconvenient to ‘obtain | with this: system. as-high a.gear 
‘ratio ‘as ‘is desirable if ‘both turbines: and propellers are driven at 
their respective best speeds. ‘This | has led to. the: adoption of . double 

ion gearing: which in certain instances has proved quite satisfactory 
in’ service, but: in’ other cases’ the wear has been: excessive. These ex- 
periences have led to a demand for a decrease in the loads, imposed.on 
the teeth, it is exceedingly questionable) if ‘such a policy is in any way 
well based:': Im fact, there»is» strong reason) for believing. that the loads 
now carried: could be substantially, ' increased, provided .certain, modifica- 
tions were: made) in the design of the installation as.a-whole.... In short, 
whilst the proposed reduction: in- the loads . now: imposed..on, the. teeth 
would ‘probably: improve | matters, seems, practically certain that the 
benefit would in the>main: be -due: merely, to. the fact that the weight. of 
the last: motion ‘wheel :would: be: increased. . There .are, however, cheaper 
methods “of. securing’ flywheel: effect: shen that. of merely increasing the 
diameter or length ‘of ‘this wheel. iy 

' The trouble with double’ reduction geass. “appears to be confined. to the 
second motion or: which in some cases has worn seri- 
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ously: during: » comparatively short ‘period -of ‘service: |The high ispeed 
or first-motion> pinion; ‘designed>:to: the» has as 
little: wear’ as'/in ‘single! reduction’ ‘gearing. 

This feature has led ‘several ‘engineers: ‘to: the: well-founded 
lief that the variation in: the ‘propeller: torque: which) is ‘in the main 
responsible ‘for the trouble!) (Inothe «December: issue: of -Internatio-al 
Marine Engineering, Mr.°W. Emmeéti states’ that» ‘gears: have ifailed at 
sea under loads less than one-quarter of what sithilar: gears: have, in land 
service, carried without trouble. He mentioned incidentally that with an 
experimental gear tested on land by the General Electric Company, a 
load of 3,000 pounds per square inch was borne without trouble, the 
pitch-line speed being 116.6 feet per second. As indicative of the extra- 
ordinary variations: which may’ arise ' in’ propeller shaft torque he gave 
the diagram which we reproduce in' Fig. 1. This was recorded by. a 


ek 


‘on. steaming i in ballast a sea. 
Whether this can be considered»a fairly represéntative case or not; it-at 
least does'show’that the propeller torque may: be, expected to vary cyclical- 
ly through a ‘large: range. With a single reduction. gear, the wheel on’ the 
propeller ‘shaft is necessarily’ large. and:heavy}'and its inertia ‘must greatly 
reduce the shocks transmitted: to the ‘teeth. single shock even of ex- 
treme violence does ‘it: would: seem little damage.: recent discussion 
at the North-East': Coast «Institute: of | Engineets),and:. Shipbuilders,’ Mr. 
J. C. Blackburn stated that whilst steaming at full speed the King Orry 
passed over'a submerged rock. ‘>In doitig'so she:lost all: the blades of one 
propeller, and ‘the propeller shaft:»was bent: that it jammed. 
Nevertheless - the gearing ‘escaped ‘unscathed):: 

On ‘the other hand: there’: is ‘some very: ‘that high 
speed gearing does not stand up ‘well -to large and repeated fluctuations 
in the load, such as might arise :if:the: cyclical fluctuations in: the propeller 
torque reached the teeth of the wheels: by: the inertia. of sated 

In our issue of : October 24 last, page: 555, particulars of ‘case 
in which de Laval gearing: (which is‘in‘general)a very: reliable,:piece 
mechanism): gave way repeatedly’ under cenditions which were apparently 
in no ‘way abnormal: ‘The gear’ transmitted ‘horsepower to an air 
compressor and: failed “repeatedly in: service, having! to: be: replaced 
less than five ‘times in years: Ultimately it discovered: that, the 
actual ‘variations''in’ the ‘¢ompressor: (torque :were : materially higher 
than had. been’ supposed, and’ when the compressor in iquéstion was replaced 
by a*Reavell machine’ requiritig ‘early uniform: torque under all), condi- 
tions of service, the trouble ceased. It isinoteworthy. that) in| this.instance 
the fihaldrive was ‘taken through»:a ‘belt: This! would act very much in 


the same way as an elastic’ couplingy/yet: the téeth; failed as 
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| This experience affords strong confirmation. of the view that the'at times 
unsatiaiactoty behavior of double reduction gears is due to insufficient 
inertia) at the last motion or propeller the: early::’80s' the Holt 
Lifie of steamers) were commonly -provided: with ‘single-crank engines, 
having a large: flywheel: miounted»on''the propellet shaft... Marine engi- 
neers’ whoran) these é¢ngines! at. sea:’ was 
exceptionally satisfactory. » 

It: ‘will ‘be’ an. exceedingly:' case tepeating itself 
should present troubles ‘lead to a reintroduction of this) or an: equivalent 
expedient on ships fitted with:doublé. reduction: gearing. | Certainly” such 
a reversion would: be: less: costly: ‘than! the alternative some 
quarters of reducing the nominal loadion'the teeth.» 

The fact that the trouble’ experienced has been in. the nature: of exces- 
sive wear, and not lack: of strength; raises:anew the question ‘as to the 
rational relationship between the diameter of' @ gear wheel and the per- 
missible -load on the teeth. American engineers have held from: the out- 
set that the:load imposed should: vary ‘in ‘direct’ ‘proportion: to’ the di- 
ameter of the pitch ‘circle. In this:country ‘the load per run 
face has commonly: been: calculated: the: 

d (ib. per inch run). 28 9 

Here W denotes the load ‘in: pet the: 
the pinion’ in inches ‘and ‘C 4‘coefficient, which originally fixed at 170 has, 
in at least one Successful ifistallation, been as ‘high as'308. In his discus- 
sion on Mr: Walker’s paper, read fast’ December before the North-East 
Coast Institute of Engineers and Shipbuilders, Mr. ’S. ‘S. Cook ‘attributed 
the adoption ‘of this rule to a conservative desire to’ ‘err, 4f*at’ all, on ‘the 
side of safety, when fixing’ thé proportions’ of large’ gears on: ‘the basis ‘of 
experience with small‘ ‘instatlations.’ °° 

During ‘the’ last couple of’ years we learnt a great deal 
cation which was previously unkriown, and these later’ researches go far 
to confirm the American view (based; ‘however “on ‘entirely different ‘con- 
siderations) that the load’ imposed ‘on 'tééth ‘should vary “directly as the’ 
diameter of the pitch ‘circle and’ notin proportion ‘to the’ squate root of 
this diametér.’” The’ crux of the’ question’ depends tipon' whether there ‘is 
is not a minimum’ limit to the thickness of the lubricating’ film... For 

a given maximum inténsity of presstire on’ the teeth the ‘minimum’ thick-’ 
ness Of the oil film does vary: néartly in’ proportion’ to ‘the square’ root of 
the pitiion ‘diameter: Recent work, ‘however, ‘indicates that for practical 
purposes there’ is no minimum limit’to ‘film thickriess, as it has been. proved 
that lubrication ‘is possible with’ a’ filtt® of which’ the thickness ‘is’ a ‘few’ 
molecules’ ‘only, that'is°to say with a’ filti ‘of ‘which ‘the thickness is’ but a 
small fraction of ‘one-millionth of ‘an’ inch: Failure’ of ‘gear teeth ‘for 
other ‘redsoris' than the’ breakdown ‘of the ‘lubrication would “occur long. 
before the film’ ‘Of oil between't the’ teeth was! reduced’ to: such a thickness as 

“Nevertheless, if vas’ ode present! knowledge: ‘the square 
root ‘rule is: irrational, its! adoption’ has ‘probably beet fortunate, as’ the 
importance Of ‘inertia in the propeller! shaft wheel was: tor'the most ‘part 
unsuspected: moderate’ foading ‘of large gears ‘whieh ‘has’ been’ 
a coriseqtience of this rulé, has resulted in’ the use of larger°wheels on the 
propeller shaft than would have otherwise’ been ‘provided; and the gain in 
inertia has apparently in the case single reduction’ gearitig suf- 
ficient to prevent the teeth’ of this to serious 
degree, ‘the pinion teeth, as? ‘a orisequence of ‘the fluctuation’ in: the: 

peller® torque hes gn 
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_ Whilst transmitting ‘torque the teeth of the gear-are under strain, and 
potential energy stored-up in them and in other parts of the gear just 
as. it is'when a/spring:is compressed.» If the torque on the propeller shaft 
vanishes this potential energy becomes” available for accelerating the last 
wheel of the gear, and»if.this be flicked sround faster than the 
driving wheels of: the gear ican follow up, the teeth will separate and will 
suffer a hammer blow on again coming into engagement. The: ‘stress 
developed: on; the concussion may be: very: high, and in excess of the elastic 
limit: of the: material. . According: toexperiments: made! on» mild steel 
rollers by Mr. J. Christie: (Trans: Am.:Soc!:C. voli:xxxii) this limit 
is attained in static tests when the: load taken in- pounds’ per inch of “ line 
contact” exceeds 1,600;R,:where R: is the radius! of: curvature. of the 
roller taken in inches.. In: these experiments there was: no ‘effective Jubri- 
cation; and:in view of! the effect:of an:‘oil:film in distributing the pressure, 
gear teeth should be: capable of: carrying:a somewhat greater load) than 
the above: before .the elastic: limit: of: the metal issexceéded. |The mathe- 
matical theory of the behavior of a lubricant» when:the teeth hammer” 
leads to oné result which may ‘be: put in-a’ paradoxical ‘form, :viz.: «Inall 
conditions an infinite time» must elapse before :the metal: surfaces ‘of the 
teeth come into actual contact. Another and less; startling statement ;of 


‘this. result is, that it is impossible to squeeze out from between the sur- 


faces the, last. molecules of the lubricant... Thus expressed, the conclusion 
seems not, unreasonable, even though the. assumptions on which the, above 
mathematical. deduction is. based, fail.to:hold up.to the bitter end. 

As. already. noted experience indicates that a single concussion, even. if 
very violent, will do little harm to the teeth of a gear, but under repeated 
blows the metal may. shell off, and this is exactly, what is found to occur, 
It is noteworthy, as confirming the view: above put forward, that..the 
teeth of marine reduction gears often suffer from pitting in the neighbor- 
hood of the pitch point. This is exactly what) might be expected, Since 
the deflection. ofa cantilever.under load is proportional to the cube of 
the length, the stiffness: of two-teeth, considered; as,an elastic system, will 
be a maximum when the point, of contact is. near mid height, and will. be 


- much reduced. when. the point of one tooth bears near ‘the root of the 


other. Hence, when hammering.occurs the teeth in contact near the pitch 
point have to take far more, than, theirfair share.of the shock. It is 
noteworthy. that .some gears.in which pitting has occured continue to run 
satisfactorily. Presumably the. process has in these cases worn down the 
surface near the pitch point, sufficiently: to ensure that. a tooth in engage-. 
ment near its point shall. take a fair share of the shocks.  Pitting would. 
seem to arise from. the hammering of the teeth, and to indicate, that. it 
would: be advantageous: to increase, the, rotary) inertia of the propeller. 
shaft or last.wheel....Where. pitting is absent another form of wear has, 
been observed, The. metal. of the teeth becomes. plastic under the pressure 
where this may be locally excessive and flows. The lubrication is, how- 
ever, fully maintained,..and. for all practical, purposes, the teeth are. unin- 
jured.,. Plastic. flow of this. kind is; probably largely responsible, for the 
success of rigidly. mounted gears.; The\teeth are able to, wear Ives; 
to a uniform bearing.at. full load without, failure. of the, lubricati 
Whilst the addition of weight to, the propeller shaft wheel appears 10. 
offer one, solution of the problem of excessive; wear, another and,-if prac-. 
ticable, preferable. method of reducing the risk of “overrunning” would 
be. to, diminish the,angular momentum of :the: turbine rotor... It seems 
probable that,.one. typeof turbine, may be more. suitable for driving reduc+, 
tion gearing than another, and it is perhaps not without significance that 
the loads imposed on the teeth of de Laval gears are remarkably low. | 
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Thus, in the case of a de Laval turbine of 300 horsepower, the pinion 
is 2.504 inches in diameter and the load carried is 64.8 pounds per inch of 
pinion face. The stress at the root of the teeth due to bending is but 1,165 
pounds per square inch. In most marine reduction gears, the correspond- 
ing figure ranges from 4,000 pounds to 6,000 pounds per square inch, and 
in one installation it is as much as 8,500 pounds er square inch. In this 
case the pinion is 10.7"inches in diameter, ‘the pitth-line speed 125 feet a 
second, and the load carried per inch width of {pinion face 820 pounds. 
The wide discrepancy between these~ figures and: those adopted in pro- 
portioning de Laval gears certainly requites accounting for, and the 
most obvious explanation is to attribute it to the High angular momentum 
of the turbine wheel. This wheel cannot readily: change its speed, and 
thus if large fluctuations occur in the torque on the driven shafting the 
teeth will “overrun”: each ‘other and be: destroget by the consequent 
mutual cold hammering 

It would be of gréat interest to know whether r troubles have been 
most common with reaction or with<impulse turbines. If there is any 
difference in this regard ‘it will probably be* foupd: that the angular mo- 
mentum of the one turbine_rotor-is higher: than that of the other. 

The mathematical heory of the lubricatién.of gear t as worked 
out in an article published in our issue of August 16, 1 
it may be observed, is more directly applicable to gea 
other case of lubrication met. with in practice. _Phee 


film under pressure is small in comparison with its length, and e | Row 
of the oil is accordingly negligiblé. “The teeth, moreover, come i gear 
intermittently. They havé therefore time to cool betw iccessive 


engagement and the heat generated in the film is conducted av away at each 

ent by Felatively cool metal surfaces: The viscosity of the oil 
should ‘therefore* remain more nearly constant than it dogs- er cases 
to which Reynolds’ theory.-has been applied. Hence th results 
the “theory “Should be directly applicable to with 


little* correction. 
“The relative motion of the two teeth with each: 
is in the main one of rolling, and is thus analogous tothe motion of a 


cart wheel over a muddy : soad. The conditions, according ir greatly 
from those pertaining to journal lubrication. © In the latter case the shear- 
ing stress in the film is a maximum at the point wliere the film is thinnest. 
This is not always true when the relative.motion.of the opposing sur- 
faces is one of rolling, since although, mathematically speaking, the shear 
does attain a maximum. at this point, there 4 aes: -speond and in some cases 
at least, a higher maximum elsewhere. = 

Again, in starting up‘a journal bearing from rest the layer of oil be- 
tween the opposing surfaces does not act as. a swhidle until a certain speed 
is attained. It is simplest to consider the case of2a bush completely sur- 
rounding the journal. With the journal at.rest; ‘he point of nearest ap- 
proach of journal and brass is “immediately. ithe Jine of the load, as in- 
dicated in Fig. 2. In the stable running position, however, with the whole 
interspace filled with oil, all taking an- effective part: i in the lubrication, the 
point of nearest approach is at right angles -t6 the line of the load as 
represented in Fig. 3. Hence on-starting up such. a-journal bearing in 
order to attain the position’ at which the ‘filmi 4s Operative as a whole it is 
necessary to lift the load. At the outset only a narrow band of the film 
directly under the load is effective for lubrication. When the load begins 
to lift, the then effective part of the oil film is thickened and loses its 
supporting power, and consequently the load falls back _— to be re- 
lifted by the greater pressure thereby developed in the ‘This 
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of’ on ‘until’ the'‘speed attains @ certain! ‘critical 
which ‘the’ whole ' of the’ 'oif present inthe’ interspace: ‘to act as” 
unit.” The load’ is’ then’ permanently supported, ‘and ‘the' point of nea 
approach of journal and bush’ is at aright: ito the ‘the ‘as 
indicated ‘in >” 28 

‘Nothing in any way analogous to this’ oceurs) in’ the ease ‘ef teeth enter- 
ing into gear!’ They approac hother' both: covered’ with a‘ film of oil, 
which is then squeezed out as the two surfaces’ ‘roll ‘over’ gos anther. This 
squeezing out is resisted by the’ viscosity’ of ‘the lubricant. 

In the article already cited supra it was shown that,the curve represent- 
ing the pressure in the film of‘ oil might have the form represented in Fig. 
4, This curve corresponds to the case in which the teeth are in the act 
of engaging. When ‘disengaging the ‘conditions’are less favorable, and 
unless the tips of the teeth are rounded off the maintenance of the lubri- 
cation will be dependent here on the relative sliding. of the teeth and not 
on their relative roll. When fully engaged ithe pressure curve may be 
of a more effective type, and under the best conditions may have the 
form represented ‘iti Fig. 5.» In this case the load carried is a-maximum 
for a stated value of ho, which represents the minimum. thickness of the 
oil film. Another possible form of the pressure curve is indicated in Fig. 
6. In this’ case: it will be: seen there ‘is negative loop on the trailing” 
side of the point of closest contact. ; 


The equation to the curve i areas in Fig. 4 sd ‘quantities being 
taken in C.G.S.’ 


Here P denotes the ‘pressure in dynes | per. square centimeter, 4 the ab- 
solute viscosity of the oil in C.G.S. units, and ho the least thickness of the 
oil film, in centimeters. The velocity with which one surface rolls. over 
the other ‘is represented by 0, and is: expressed in centimeters per. second, 
For involute gearing this rolling velocity is approximately one-third of the 
pitch-line speed, R‘ denotes the equivalent mean radius of curvature of 
the teeth, expressed in centimeters. For fae ey teeth the value of R may 
be taken as given by the following equation 


Here Deo is: the diameter of the pitch circle of the pinion and Ds the dia- 
meter of the wheel, whilst 9. denotes. the angle of obliquity or pressure 
angle’ of the: teeth and: the angle the helix makes with the axis of the 
wheel. With modern gears in -which the angle of the helix, to which the 
teeth are cut,is 30 degrees, the value is 164% degrees... 


where denotes the distance in centimeters: of any point in the fm 
from the ‘point of’closest contact. 

_ When the’ distribution’ of Pressure is that: represented in, Fig. 5, Ms 
value i ‘is given’ ‘by’ ‘the’ expression? sort 


_As already the load carried for a given’ value of ho is 
a maximum ribution of pressute is not possible’ when the point 
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of the teeth, is| most, heavily. loaded, and in this region d 
pressure represented by; Fig. 5 is. possible.’ barons 
In that case the; load carried by:a tooth is: sup 


If R and hy be expressed in inches and ue in. feet per second, this, be- 


comes ; 


The occurs in the oil at polnt where 
= 0: 47547) and is given by the relation (in.C.G.S. units): 


t 


Pmax = 1.521 . 2 Rho dynes per sq. cm. 
or, taking #, in feet and linear dimensions in inches : 


Taking a casein which 10-7, feet per second R=2.75 
inches we find fromi'(1) that if the load ‘on a tooth amounts to 267 pounds 
per inch run, then A, the least thickness of the oil film, is ise inch and 


with this value of 4. equation (2) gives 6,376 pounds as the maximum 
pressure within the oil film, 


From (2) the stress on the metal, varies proportionately to the square 
root of R, provided that there be a definite minimum limit to the thick- 
ness of the oil film,’'‘Observations made during the ‘past four years’ prove, 
however, that lubrication ‘may’ be perfectly maintained. under oil film pres- 
sures’ so high thatthe ‘metal flows.’ Thus in motor-car worm gears, .al- 
though the efficieticy ‘of some of these gear is 96 per cent or ‘so, the. phos- 
phor-bronze of the wheel gradually’ flows under pressure in: the oil 
film, which must therefore attain a‘limit/ of full/30\tons ‘per square inch. 
Moreover, the late Lord Rayleigh proved that a film only a few mole- 
cules thick could act as a lubricant, and since’a‘film of oil 100 molecules 
thick would measure less than one-millionth of an inch, it is obvious that 
in général there\is mo practical limit; to: the minimum thickness of .an.oil 


film, as failure from too high a stress onthe metal will occur. long. 


fore the ‘film becomes ‘too for: Reynolds’ equations. to, be, applicable, 
Recent experiments have indicated that the difference, between. a go 
lubricant and a bad one lies in a good lubricant adhering more firmly to 
metallic ‘surfaces than does-a*bad one. A good Aubricant, welds ‘itself to 
the surface lubricated, and it seems probable therefore that the ‘lubrica- 
tion breaks down: when; the shearing stress on the film, is so, great as to 
break the: bond»s6 that the ultimate layer of the. slips. over. the 


of contact is at the end, of a tooth.) Owing, however, to the, fact, that. the 
teeth are elastic, the oad) imposed; onthe, teeth is greater, when. they 
bear in the neighborhood ofthe; pitch point.than, elsewhere, . Here .the 
action is practically one of pure.rolling without the. sliding of one: surface 
og over the other, so that the assumption made in working out -the mathe- 
i matical theory is almost.strictly true for ion j i 
0. 
4 
- 


to: 


metal surface, Ist the, theory assumes. there is..no, slip,, If, this 
‘view be based the load on teeth inch, 
be to R as. above “defined, instead of in, Proportion, to the 
quate 
~The a at ‘the’ ‘point one 
curve, w or the, case in, ald on, the “ ing” 


whilst ‘the. point at which. the onposing most approach 
‘each other occurs when 

For case already, taken above, in which R=2- 75 ine, ho = 
is inch and ty — 20-53 feet per second, and the load carried ie 267 pounds 
per inch of tooth, the distance of the point of maximum shear from the 
point of minimum thickness iso .032 inch. This value affords some. idea as 
to the effective width of the oil film, since ‘as Fig:5 shows the pressure 
falls off rapidly beyond the point of contrary flexure. 


The value of the maximum shear is: 
Smax = 1.295 “He dynes per sq. 


the case cited this equation shows thal’ even. under the very 
moderate loading and speed there assumed the shear stress tending to 
make the lubricant slip over the metal amounts to about 24% pounds per 


in the form; : 


so that if the limit of, siti is fixed by this maximum, seat ws should 
‘vary directly as R. 

hammering ‘is unavoidable the damage done may well increase faster 
‘than the ‘load on’ the teeth per inch run. For a given elastic system the 
energy stored in it varies as the square of the load. It is this energy 
that causes the teeth to separate, and it is at least a plausible assumption 
‘that the damage done on the return of the teeth should be proportionate 
to the ‘energy expended in separating them. ‘The moral would seem’ to 
be that cyclical hammering of the teeth is to be avoided at all’ costs, aind 
‘that’ if this is done the load imposed may increase ‘directly as’ the equiva- 
‘lent radius of curvature of the teeth surfaces. 
rise of temperature as the oil passes between’ thie teeth ot the! 


‘hia. affect: the of. the Jobricant to. the ‘It may. be 


prudent, therefore, to increase W,; the, Joad on rather. less 
than in. direct: proportion the’ value.of, Re. 


‘ 
¥ 

l 


establishing the’ mathematical theory of lubrication it was assumed 
“that the change of curvature of the’ surface of the teeth at the point of 
‘contact ‘could be’ neglected. ' An approximate calculation of the amount of 
this elastic distortion shows that the assumption in question was per- 
To ‘sum ‘up, a reviéw of the evidence at present available appears to 
indicate that recent gear troubles on shipboard have not been attributable 
to excessive loading of the teeth, but to the use either of too heavy tur- 
bine rotors, or to lack of inertia in the final wheel. of the transmission. It 
would seem that the object of the designer should be to reduce to a min- 
‘imum the angular momentum of the turbine ‘rotor, and to’ increase 
the angular momentum of the last wheel of ‘the’ gear’ as’ much as is 
commercially practicable: Unfortunately; *the: coriclusions at ‘which we 
have arrived are qualitative only, What is needed are figures setting 
“forth! the angular’ moméntui ‘of ‘the’ turbine’ rotors and the’ propeller 
shaft and wheel in the case of gears which have succeeded, and. similar 
‘figures for gears which have failed. A comparison of these might yield 
“information of the utmost importance ‘to those responsible for designing 


ON’ DEAD-WATER.. 


The peculiar effects ‘of ‘shallow water on the performances of steam- 
ships and of destroyers..in particular. are well known, Occasionally 
phenomenally good results have’ been obtained on trials over shallow 
courses and at other times unexpectedly bad. results were given, depend- 
ing on the depth of water, the size of vessel and the speed. se peculiar- 
ities in performance: calléd for investigation and numerous trials have | 
‘been made ‘by vessels over deep and shallow course€s, and many experi- 
ments have been carried out in experimental tanks with varying depths of 
water. It was found that certain depths had to be allowed if normal per- 
formances were to be.expected;.accordingly, certain courses have been 
‘discarded and others approved of. 
still more peculiar phenomena has: been.observed. in) certain waters, 
the cause of which for long was a course of speculation. , This is known 
as dead-water and the experiences of, Nansen, in the Fram, in his polar ex- 
pecieiae brought about an inquiry, which, resulted in’ the mystery being 
Nansen’s. experience. was .as. follows: The Fram .was.in open water 
calm weather. Thick ice was ahead which blocked fur- 
ther progress, The. ice was approached to make fast.to it, but the From 


ot into dead-water and made hardly any way..in.,spite; of. the engine 
eae at full pressure. Her common, speed in smooth water and at, full 
steam pressure was at that. time: fully 414 knots... This was reduced, : 
shouts knot when in dead-water. Nansen commented thus:—“ We could 
hardly get on at all for the dead-water, and we swept the whole. sea 
along with us. It is a peculiar phenomenon. We had at that time a bet- - 
ter opportunity of studying it than we desired. It occurs where a surface 
layer of fresh water rests upon the salt water of the sea, and this fresh- 
water is carried along with the ship, gliding on the heavier sea beneath, 
°as if on a fixed foundation. Dead-water matifests itself-in the form of 
larger or smaller ‘ripples of waves stretching’ across the ‘wake, the one 
behind the other arising sometimes as far forward as almost amidships. 
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the. engine. stopped, it. seemed as if the ship were sucked bac * In 
two, we hardly 8 anilesy the constantly 
working at ull. speeds”). ti das 

Whilst ; = bulk.. of the. ‘evidence: to! with 
water, comes, from, Norway,. where; the!:presence: of Jayers»ofifresh water 
on. top, of, the, sea, water can, be reasonably expected, evidence of peculiar. 
phenomena, taking, place-has been received of vessels: trading 
on. rivers in America, Africa; and 
«The; problem was;,puti before :Prof.| Bjerknes: by: Nansen and ‘hein turn 
suggested, to;one of his, pupils; Dr.» Walfrid Ekman, thatshe should: under: 
take experiments and:\try to decount-for. the phenomena. 
pated by Ekman. that-waves im the salt-water fresh-water boundary shoul 
cause similar! f6 those: recorded» of: dead-water! was’ 

o(The experiments were éatsied out: tio as possible’ on 
a. small scale, real cases; A somé‘other*boats 
were towedoin a glass tank filled: with: homogeneous: watet ‘or having 
water-layers of different specific gravities. The! towing-force.and the 
velocity: af:the.models:were registered,idnd one ofthe water-layers! being 
colored; the waves motion at their common: boundary could: be‘ observed 
and: photographed.' Fhe expetiments: thoroughly confirmed: Prof.) Bjerknes’ 
opinion: ithe vessel when moving at: low: speeds generated large waves at 
the salt-water: fresh-water boundary andthe resistance at. these! speeds: was 
enotmously increased.: At higher speeds, however, ‘the: waves: disappeared 
and the ‘resistance was: not: affected: by the: fresh+water' a) 

dead-water iwas applied by: ‘Norwegian seamen” to’ this -phé+ 
nomenon, but the same term has ‘been used: in another connection’ by 
faring:men. In a paper by Mr: W. Froude’ on “ Apparent: Negative Slip-in 
Screw: Propellers” (Transactions ‘the Institute- of ‘Naval 
vol; viii) ,:the: operation ‘ofthe dead-water’ om the ‘propeller ‘is' givén as'a 
possible explanation’ of apparent negative! slip; Frotide ‘said: °“ What is 
meant’ by’ dead-water is:the volume or volumes of water collected beliind 
the ‘sternpost -of ‘ship when -in’ motion—and behind: ‘the square’ ‘tuck 
when she has:one—water ‘which’ accompanies’ the ship almost’ without 
change: ‘When the »stertipost thick'and the tuck broad, as in old 
timber :line-of-battle’ ships, the volume® of ‘water ‘thus’ carried is’ very 
large}: indeed, mentioned to mé by one of ‘the ‘wardroom: officers 
of 'such'a ship, that'when' the screw was "hoisted ‘out “ye the Water and the 
ship goitig’ kitots*under ‘canvas; he lowered dowit’ into” 
and had bathed ‘there ‘without incotiveni (STD. 

The difference between’ this ‘dead-waté?' and wae that ‘whieteas the 
wake ‘consists, of ‘constantly ‘renewed ‘volumes, the’ dead-watér having 
once for’ all ‘put motion “Accom the’ ship’ almost ' without” ‘change, 
3 ough’ peculiar s ‘on’ power ‘and speed 
water’on top of salt are’ seldom’ niet with in-our the ommend 
enters into the navigation of the Norwegian fjords 

Some such’ phenottiena ‘have’ alSo been ‘Observed ‘in’'the’ Pana 

Canal ‘where thixtutés ‘of waters of différent' densities have created 
rents and ‘catised’ alarm a ‘at the ; behavior ‘ot ‘OF ‘Ships 
gatinig’ it ils Shipbui ing and’ St “Record.” 
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HUBRICATING OIL, SYSTEM FOR GEARED TURBINES: 
Cohsidering thé vast’ amount ‘of: difference between’ the equipment and 


operation of ‘a ship fitted with reciprocating engines and one fitted with 
geared turbines, it may be regarded as indicative of the’ thoroughness with 
which the work of building and running’ vessels fitted’ with the latter 
type of machinery has been’ carriedout, that so few breakdowns ‘have oc- 
curred: In the» United States, as: is well ‘known, the operating troubles 
with ‘geared turbines» have been recorded’ to an‘extent which was’ consid- 
ered in official circles as being abnormal. ‘Many of these breakdowns were 
attributed to faulty operation or “failure: of the ‘lubricating system, atid in 
' consequence it was decided by the Emergency: Fleet Corporation to study 

all 'the oiling systems:in use on: American ships with a view to developing 
a ‘standard ‘system for: use on all geared turbine vessels building or to ‘be 
built for the Emergency Fleet Corporation. While troubles have not been 
met with to such an extent with geared turbine: vessels. built in: this'coun- 
try, it is widely recognized that the lubricating system plays a vital: part 
in the successful operation. of machinery of this type, particularly where 
double reduction. gears are employed, and a study of» the distinctive 
features-of the system.adopted by the Emergency Fleet Corporation may, 

Particulars: of the: standard lubricating oil system for geared: turbines 
adopted. by the: Emergency Fleet Corporation were recently given’in a 
paper read before: the American Society of Naval Architects and Marine 
Engineers, from, which it appears that the system in its fal form was 
not, issued until July 15, 1919, that is to say, considerably after the war 
was.over. and when any limitations or: emergency equipment imposed by 
the probable effects; of hostilities could: be eliminated. As finally ap- 


proved the system is of the gravity-feed type, having a working pressure 


in the.region.of 12 pounds per square inch. It-is therefore specified: that 
the gravity tanks shall be located: in the engine-room casing, so that: the 
bottoms.of the tanks, shall be 30.feet above the center line of the turbine. 
This, it is, stated; has proved very. satisfactory in service and ‘no trouble 
has; been’ experienced. in’ securing the required pressure. . There are two 
of these tanks, each of 600-gallon capacity, for a vessel of 3,000 horse- 
power, each being provided: with heating coils for heating the oil toa 
temperature of 180 degrees Fahr. preparatory .to filtering, The oil is 
discharged from either of these tanks through an. internal pipe extending 
8 inches above the bottom. of the-gravity tank to’ a line leading to all the 
bearings, and. gears,,and from thence it is drained ‘to, the sump tank, . In 
addition to the. main supply pipe, a, 1%-inch drain pipe'is led from the 
lowest point of the gravity and. reserve tanks through an oil filter or sep- 
arator to the drain tank, so that.oil may. be. filtered continuously or at 
stated periods... An. overflow. pipe. is also run fromthe side of the grav- 
ity tate and as near the. top as. possible to the drain tank, so as to give 
the air a good chance to be released from the oil through, the vent pipes. 
Further, a connection is provided on the oil discharge line to enable. the 
oil to be discharged direct to the bilge in the event of the oil becoming 
badly emulsified, The piping arrangements permit either gravity tank to 
be used. as a settling 


n, the question of filtering the oil the. specification is not, absolutely 
rigid ; it is essential, that. some.type of strainer, filter or separator shall 
be fitted, located on the line adjacent to. the, pumps. If the 
ordinary type of duplex filter is fitted, this must be:placed in such: a. posi- 
tion as to permit the removal of the strainer baskets by lifting them up- . 
ward, care being taken that the strainers are located in such a manner as 
to prevent the sediment falling back into the strainer on removal of the 
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baskets. ‘They must, of course; be s0 designed that» one ‘side can. be 
cleaned while the other is in operation. It is reconeitighded, however, that 
a centrifugaltype of separator should be installed in liew of the usual 
filter or separator, since ran results obtained with the centrifugal oe 
show greater efficiency as the oil; water and sediment are separated, the 

oil flowing from one’ nozzle; water from another and the overflow. mix- 
ture’ from another,’ while ‘the sediment remains’ in the: bowl of the 
separator from: which ‘it canbe ‘removed at: will. Tests have proved 
that the rolling or pitching of the vessel has ‘no ill effects: on the suc- 
cessful operation of the centrifugal separator, ‘and it has been found par- 
ticularly effective in breaking up an‘ emulsion of oil and: water. 

Prior to‘ the drawing up of the standard specification it was found that 
nearly all the oil coolers used were inadequate to the duty they had to 
perform. This was partly due’to the fact that the manufacturers’ of re- 
duction gears had overrated the efficiency of the gears. It was considered | 
essential, therefore, to fit an auxiliary cooler so that not only could the oil 
be cooled by this cooler'in the event of the main cooler being rendered 
inoperative by leaky tubes or other causes, but the auxiliary cooler could 
also be used in parallel’ with the main cooler when the vessel is passing 
through tropical waters, where a coolin: — temperature of 84 de- 
grees Fahr. or even higher is obtained. e two oil coolers specified are 


of the’ same size and capable of cooling 175 gallons” of oil per minute 
through’ 20 degrees Fahr. They areequipped with piping to enable the 
coolers to be by-passed, the oil being discharged directly from the pump 
to the gravity tank, this precaution having been found neery when 
using heavy oils with cooling water of low temperature. 

The question of safety devices is one of great importance: and in ad- 
dition to the usual gages, glasses, thermometers, flow indicators, &c., it 


was considered advisable to fit an automatic protective device. This took 
the form of an electric alarm system actuated by a float switch in the . 
gravity tanks, This notified to the engineer on watch and to the chief en- 

gineer in his room that the oil had dropped below the normal operating 
fevel. In’ addition, ‘it ‘also automatically increased the speed of the 
pumps.. It was deemed advisable to: omit this in later ‘vessels owing to 
the necessity of reducing the cost of the installation rather than because 
of any belief in the lack of necessity for it, and in fact it is recognized 
that'in almost every respect the standard specification errs on the side 
of liberality and high cost. It is stated, however, that if an increase of 
efficiency is obtained with reduction gearing in the future, as it should 
be, es will permit of a considerable reduction in the size and. conse- 
cost of the lubricating ant ‘Shipping 


U.S. NAVAL AIRCRAFT. 


By Jerome C, Hunsaxer, Enc. D., 


Construction Corrs, U. S. Navy, Navy 
WASHINGTON, D.C. 


‘In the few years that Nayal Aircraft have been part of the Navy they 
have become so specialized adaptation to meet specific naval require- 
ments that they constitute today distinctive types of design. Before con- 
sidering these peculiar! nayal types, let us examine the naval functions 
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The. Navy consists: of.two major parts;, the Fleet, which: is designe 
to‘operate on the /high:seas in any part.of the world,and the, Shore, E 
tablishment, organized.as:.Naval Districts on,the coasts of. the United 
States and. the outlying possessions.'.. The primary function. of the Fleet 
is to discover, engage and destroy. the enemy, fleet...The functions of. the 
Shore;Establishment are. both: industrial, and; military. The. industrial 
function does not concern:.us here, ‘The, military, function is the elim- 
ination from coastal waters. of the, activities, of,,enemy. naval forces, in 
The ‘Navy employs every. weapon .or. device which is considered. to be 
useful in connection with its mission.,; As the; mechanical arts advance, 
the latest applications are introduced, ;. Progress in. any of. the arts, or. sci- 
ences is eagerly seized upon to discover, means for.making use of the new 
knowledge in the Navy.’ So with aeronautics; as the art has progressed, 
aircraft haye been developed for.use.in the Navy., The principles. gov- 
erning the design of. such Naval Aircraft.are the very fundamentals ofthe 
art, ‘but: the aircraft..themselves ‘represent: the application;.of these prin- 
ciples to meet the needs of:the Navy;-that, is, to fulfill functions allied to 
the functions of the: Fleet and the Shore-Establishment. 
- ‘Consider the Fleet first: The ‘Fleet must. have. scouts to discover the 
enemy. and give intelligence of his strength and. probable intentions. _ Air- 
craft:may obviously be. used for: this, purpose in conjunction with scout 
cruisers; destroyers, or battle cruisers... The range of visibility. from air-— 
_ craft is relatively enormous; as an observer in.an.airplane can go. three 
times as. fast and see three times.as far.as,an observer on a.ship. . With 
this inherent advantage, it only remains to ‘develop: practical scouting or 
reconnaissance aircraft for. such work... This development results. from 
no. idle arm-chair speculation, however, as.the problem is limited by the 
restriction that the Fleet is normally at sea and. the weather normally bad. 
Scouting, or reconnaissance for the Fleet, may be of two kinds: First, 
reconnaissance: at.a great distance,. requiring great endurance in the air; 
and. second, reconnaissance’ at .a short.distance immediately. in advance of 
the Fleet... For this second function, great endurance is not needed as a 
frequent return tothe parent: ship is possible. We. thus will have at least 
two types, one characterized. by extreme endurance; the other by, sim- 
plicity ahd handiness for use from shipboard. 
Another distinct type must ‘be! employed for -fighting aircraft 
which, any future naval engagement, will surely be present. This prob- 
lem» presents considerable difficulty as. jit, presupposes .a battle in the sky 
for control of the air in.advance of the actual engagement of the ships. 
Control of ait over ia wide area can only: be, maintained ‘by large num- 
bers of airplanes of the greatest fighting capacity and the launching of a 
swarm of airplanes at the desired moment from the restricted. spaces 
aboard ship seems impracticable. Consequently, special ships in the Fleet 
with flush decks and eriormous hold ‘spaces are necessary to act as car- 
Before the introduction of airctaft into the Fleet; the control of gun- 
fire was directed by a “‘spotter” stationed on the mast.’ This is the high- 
est point on the ship from ‘which to: observe the splash of the shells, but 
compared with a position several thousand feet.in the air, it is very low— 
too, low, for example, to, see over a smoke stréen made by enemy destroy- 
ers, and too low to estimate at extreme ranges the from the target 
to, the splash. The individual battleships of the Fleet’ have need, there- 
fore, for aircraft to carry the fire control officer or spotter aloft." 
The aircraft so far discussed are primarily concerned with air fighting - 
observation. There.remains the offensive function which ‘is the 
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Fic. 1—Suip’s Ficutinc Prane Fryinc Orr Turret PLatrorM. 
(U. S. Navy.) 
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Fic. 2.—Suie’s Ficntinc Prange Arrer A Water “LAnpING.” Nore IN- 
FLATED Air Bacs. (U. S. Navy.) 
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Fic. 3.—H. M. S. Argus, ArrpLaANe Carrier, (British Navy.) 
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Fic. Sporrinc Prange. (U. S. Navy.) 


Fic. 5—Suip’s Sporrinc Prange. SAME Macuine as Fic. 4, Firrep 
Fioats. (U. S. Navy.) 


> 
- 
* 


Fic. 6.—Torrepo PLANE 


Fic. 7.—Coast Patro, AND Convoy Type. Fryinc Boat F-5 at Start. 
(U. S. Navy.) 
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Fic. 8.—Coast Patro, AND Convoy Type. Fryr1nc Boat F-5 at ANCHOR, 
(U. S. Navy.) 


Fic. 9—Fiy1nc Boat NC-4, Lonc-RancE Scoutinc Type. (U. S. Navy.) 
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Fic. L-64, (GERMAN Navy.) 


Fic. 11—Non-ricip Arrsuip C-1. (U.S. Navy.) 
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Fic, 12.—Kire (U. S. Navy.) 
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primary, objective-ta destroy: the, enemy fleet...Aircraft can now. carry 
bombs; damage, a,.battleship or, a regulation, torpedo 
sufficient; to. sink, her,’; Torpedo attack, from: the) air. cannot ‘be: stopped 
the, usually effective screen, of destroyers ,and light .cruisers.;; In, fog. or, 
night. ‘the great speed, of torpedo-carrying airplanes adds so, tothe 
element of surprise that the chances greatly favor the attack. Fugther- 
more, booms, nets and chains: across a r mouth will no, longer ren-- 
der, the anchorage. immune from,.attack. .,; plane during the 
War was not developed; to; full; ieffectiveness by:, either .side,., but..in, ‘any 
future war we may expect, it to play,an important -part. 

To-recapitulate, there are. five functions 


scouting: 000.0 OS to: ebigis deititit bus it 


uses for aircraft, im connection’ with, the control.of, waters. The 
first and most important is searching. for hostile. raider ine 
which duty may. be: termed, “ Coast Patrol,” 

In connection, with coast patrol, it may..become. necessary, convoy. .ship- 
ping into and, out.of; ports and, through. dangerous waters... For, this pur- 
pose aircraft are essential, not, alone of. ,course,. but an 
escorting. force of, destroyers,."; 

dn) addition. to the, applications, o ientioned. $0. 
ly, 


oft 


very necessary. aircraft work require with. A 
and Expeditionary .Forces.; Bx peditionary, ral usual 
supposed to operate, without from. a, highly. air force, 
but such a, favorable condition cannot be guaranteed, teu there- 
fore, have to, be provided, with, the latest, thing) in, military. ai 
types..are_similar.in function .and, hence, in design, to, those, by. an 
army, and_I.shall.not-take, time to discuss them as, Naval Aircraft. ..... 

In the foregoing, I have briefly classified .aircraft,;functions. as based 
on the functions of the Navy. In, how; aircraft can fulfill, these 
functions we are immediately. confronted with, phe, for, deciding 
whether: we. require “ heavier-than-air’”, .or,:“ lighter-than 

we include: call airplanes, and ih 
are: supported by their own wings... By ;“lighter-th we designate 
balloons and. ‘airships or. Kites. and. pa are, not, classi- 
fied : vas aircraft. 

Among: heavier-than-air? craft, we haya: with 
the ordinary, type second, seaplanes, with floats. or, pontoons to. fit 
to start from and alight onthe water; and, flying, boats, being a true 
boat, fitted! with .wings; “These types may. be, somewhat, mixed in 
designs as; for. example; a seaplane. provided, with wheels .as, well.as, floats 
to: make it amphibious; or an,airplane, fitted, with ihydro-vanes, and. air-bags 
te: permit, emergency: alighting, on the. 

Lighter-than-air’’. craft) consist,; of ordinary. 

non-t airships (or: disigi 9 ing 
pressure, anid rigid,aitships,such,as 
one type, or the other 


preserit ‘state:.o cart we) may 
for a certain naval function, depending on Practical 


| 
A 
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siderations, but for’ others, it is not clear’ we should favor’an air- 
ship or a large seaplane ‘The’ fiial’ decision can‘ onty be made after ex- 
perience with each; but “by that ‘time progress ‘in the art may require a 
reversal of: the conclusions reached. It is: wise} therefore; to provide 
peri ‘allow the’ stimulation of competition to develop the possibilities 
° 

“Let us now look atthe aircraft uledady: ‘in use, and consider 
whiat is the state of’ the art, the requirements of the service, and the poe 
sibilities for meeting them in the immediate future.) >» 

For long-distance’ scouting at sea, ‘it! is primarily a ‘question’ of the 
greatest endurance and radius ‘of action. There is'no aircraft: which ap- 
proaches the rigid airship in these characteristics. The present-day Ger- 
man and British rigids of 2,000,000 cubic feet volume have a maximum 
radius of action of over 3,000 miles and can stay out, about five days, The 
best that has been done to date with a flying boat is about: 1,500 miles. 
While the radius seems to be half that of the airship, the comparison is 
less favorable when it is considered that the flying boat cannot keep in 
the air quite a day. On the other hand the yi can drift about while — 
waiting or observing without consumption of fuel; ‘the crew are com- 
fortable and probably will do better’ work; fadio' is more powertal and 
communication ‘with the Fleet more certain, 

The rigid airship, according to Admiral Jellicoe, is worth two light 
cruisers for scouting in favorable weather. The last words must ‘be pon- 
dered, for “ favorable weather” is a relative term. Fog is no doubt most 
unfavorable weather for a seaman, but for an airship at sea low fog may 
give it a distinct advantage in scouting. The airship will, however, have 
to’cope with storms and heavy rain and snow. Due’to her great endur- 
ance and the usually local character of ‘really violent meteorological ‘dis- 
turbances, the airship can be expected to avoid getting into trouble. Nat- 
urally, we must’ assume adequate weather reports by radio from the ships 
co-operating with her. However, the necessity to avoid storm centers 
will put a stop to any scouting for the time being: A flying boat is rela- 
tively unaffected by ‘storms while inthe air, but’ She cannot alight on the 
water under such ‘conditions, With present power plants such a poet 
bility must always be kept in view. 

The latest'‘German rigid airships: have a maximum speed of! about 70 
land miles per hour and the NC-4 flying boat has a top speed of about 90 
miles per hour. ‘To’ cope with gales of general extent the airship is 
clearly at a disadvantage. It is probable that, following the present trend 
of design, the airship speed will not be pushed much, if any, above 80 
miles, while a speed of 115 miles for the flying boat is already i in view. | It 
seems evident that the relative utility of the airship and flying boat de- 
pends’ upon weather conditions.’ For scouting ‘over the North. Atlantic 
in seasons of high winds, the flying’ boat may be the more suitable. 0 

I have not here cotisidered large land: type ‘airplanes which, while com- 
parable with large flying ‘boats’ ‘in’ speed and endurance ‘in: the ‘air,’ are 
unfit to’send out to’sea, as they cannot’land to refuel or make repairs, but 
must make‘non-stop' flights from’ land'to land.’ The: scouting require-. 
ments of the Fleet are unlikely to’ be always in waters ‘conveniently near 
the aerodrome. ’' The ‘flying boat wilt have to be based’ on'shore for haul- 
ing out and overhaul; but normally she owill follow the fleet, being supplied 
with fuel from a supply ship, except in rough: weather, when she will take 

refuge in the’ nearest sheltered water like ‘any ‘smallcraft; \There is:no 
need for an expensive and elaborate chain of landing fields; ‘as all the bays 


and rivers of the world’ are “handing,” level: than most 
perfect field on shore. aut ister nigrias 


7 i 
. 


but: her’ five-day endurance minimizes’ this restriction. ‘There must 
be, however, airship bases located at all strategic points near ‘which’ ‘the 
Fleet i is likely’ to operate. 

The cost is for ‘The rigid ‘airship of ‘the’ 
eit size yet‘ constructed ‘costs about twenty times as mitich'as the’ NC-4, 
the ‘largest ‘flying boat yet ‘built’ The shed to house her also ebilts about 
twenty times as much’ as housing on shore for’ NC-4. Considering tost 
alone, we ‘should hope’ ‘the’ airship weré as useful’ as tweiity flyi ing boats. 
Under ‘some’ cotiditioris ‘this may ‘be'the case: Any nuiiber of flying boats 
bringing ‘in négative reports is worthless compared’ ‘with’ continuous ‘pos- 
itive and definite information from an airship keeping. the enawny under 
constant: surveillance.’ 

“Tt'must not be forgotten that the rigid airship of the oteakit ‘day is 
very vulnerable to’ attack’ from has ‘been derionstrated ‘over 
London 'to the ‘entire satisfaction of the'Germans. ‘The German bombing 
raids over London were entirely unjustifiable,’ either on grounds’ of or- 
dinary decency or from tactical considerations. The legitimate function 
of the Zeppelin was scouting over, the North Sea where most. valuable 
work was done. Indeed, on more than one occasion, the Zeppelin scouts 
Feat ited. the German High, Seas. schon, apd, certain de- 

eat by. 


e British G Fleet,,; 
» It,is hoped that, at some may become. cheap. enough 


future d 

to be used in place of hydrogen. 
must avoid coming within, the range of enemy ships or aircraft. At sea, 
with its immense distances this is quite possi le to accomplish. There is 
no need to come within range of a ship’s guns in order to observe its 
movements and, in general, airplanes can be avoided by rising into the 
clouds, The airship, at high altitudes, can rise faster than an Airplane as 
the latter climbs by engine power, which is becoming weak, while the 
former climbs by dumping ballast, which is always effective. Further- 
more, at high altitudes,. the airship, suffers. no loss in speed while the air- 
poe no matter how fast.at: sea level, loses speed rapidly with altitude. 

ring the chase of an airship it is also to be remembered that the air- 
plane .may;.come under the fire of several guns of the airship. On the 
whole,, the. airship should be able to keep clear, of hostile aircraft... 

_ The present, state of the art indicates the rigid airship and the larg 

ing boat.as rivals as, scouts for the Pert The nes airship in its. bob 
development is. represented by the the flying boat by. the 


NC-4 type of our own Navy. , Is_it, likely of the im- 


mediate future, indicate: any, important change in, the relative merits of the 
two types 
Curiously enough, it has been proposed to build a rigid airship twice 
the size of the present-day Zeppelins. and at the same time the flying boat 
adherents have double the NC-4. an increase size at 
step,.appears, to maximum. it, i attempt, an it, will 
probably the next few see, light ahead. rom a preliminary 
analysis, however, it appears that increase is more favorable.to the — 
airship than, to the. flying boat,.and as we. build larger and larger. 
the flying boat is left farther behind. . 
shall not. burden, this paper .with the detailed. “analysis, but. f 
the difference results. from the fact.that for, the airship the 
of the hull is:increased as the cube.of,a linear dimension, while a 
ng boat. wings the, lift remains the same per square foot.or increases as 
only. airships, are made larger the ot, the, total 
available to carry. fuel and. stores is. increasing, endurance, of 


| | 
| 
| 


or, eight, thousand, mi f 
at cubic, fect, jin by. he th 
aieahin the rance, may, be 


On the hand, the dying, bo if ‘doubled ir “will be: likely. to 
add ,but,25; or,.50. per cent to its The. sige wil boat has a 
decreasing margin, of lift, available, fo and in increase .in 


be. to, provide 


to prop 
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1 anid 2! "To simplify the argent 
let us take »=2, on the safe side. The? R KSV;7' where’ ‘the 
“wetted surface” or surface ‘exposed’ to air’ friction; V the velocity and K 
a coefficient ‘depending’oi form. ‘The resistance’ thus varies ‘as the 
of a linear dimension and the ‘square ‘of’ speed." ‘The’ necessary’ ‘pow 
of the ‘engine 
But the’ lift on Yotuine é 
weight 1 per an 


tion of the total lift available to carry ’ fuel ‘ts knows to bé mote favorable 

such large ships as have, been it is’ on the’ safe side “to ‘consider 
such proportion constant for purposes of argument. ‘The weiglit ‘of fuel 
then'varies as the total of as. L* The endurance in’ hours is ‘the quo- 
of fuel available and consumed hour. ‘This! quotient is pro- 


onal to the ‘ratio given or to tons pér horsepower: 
“The latger ‘ship will atthe sane thee ia least 
directly proportional to'the’l 
As'a thatter of’ fact, experience has’ that’ thé, lari actdally 
have a gréater ftaction of the total 1ift available for fuel. Nor is the re- 
sistance so high as assumed. Therefore; the increased endurance of larger 
airships is even greater that wotild be' predicted from this simple analysis. 
The following table of’ German Zéppélins; ‘illustrates ‘a im- 
provement with size, bat it cannot ‘be’ expected’ that'su¢h im 
be indefinitely: at the ‘satne ‘rate, ‘for we’ shotild’ 
a Ship ‘such’ thatthe empty ‘weight was practically’ nothing. Phe" rather 
abnormal’ showit is ‘due’ to ‘the fact that the arly’ ships’ were 
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589 
overcome, the unfavorable inherent, in. the problem. . The 
effort of the designer, wa e Jarger, flying boat. with no 
fate, weight than.we have today 
The principal advantage of the large airship as compared with. the large 
resistance 
24 
erience: that 


NOTES. 581 


the ‘iat ones and their. pa was rather crude and 


as 


a” 


Bodensee 
R-3& (British) . . 


‘The hoat cannot be studied in ag Same manner as 
total lift is given, not by the volume of gas, but by the, pines, The lift of 
an aeroplane wing is représented by an.expression of the form: 


Lift = KSV? / (i) 


whet Si is s the area, V the velocity, K a coefficient depending on 5 the’ tikm 
of the wing and f (4) a function of the angle of attack, i of the wind on 
the lower side of the wing. It is an experimental fact, so far without 
adequate explanation, that an aeroplane .wing is useful only between 
‘angles of 0 and 14 degrees about. Near 14 degrees, there is a change in 
the nature of the flow over the wing and violent turbulence is set up. For 
an angle greater. than this ‘critical angle the lift is no greater, and’ may 
evenbe less, while the resistance or drag becomes relatively enormous. 
Consequently, the ‘aeroplane gets its practical maximum of lift at about 
14 dégrees, and for a given’ weight to be Carried can fly slowest at this 
attitude. Since the plane “must get up to this speed by a run on the ground 
or over the surface of the water, before she will take the air, this limiting 
' speed is the speed of starting and must be kept within practical limits, 
» For airplanés'of the land type the starting speed is between ‘45 and 55 
miles per hour.° If anyone has ever attempted to drive ati:automobile over 
‘a pasture or meadow at such speed, he’ will have aii idea of the ‘risk and 
danger of getting into ‘the air with’a large airplatie.° 
The conditions for a seaplane are’ somewhat more favorable because the 
water is more nearly level than’ the average pasture. With’ modern boat 
hulls (like the NC-4)' a get-away speed of over 60 miles per hour’ is quite 
permissible‘ even’ in rough water.’ The! seaplane or flying boat’ can; there- 
fore; carry into’ the air a ‘greater weight for a given wing area’ simply be- 
cause the ‘speed’ can be permitted go up. i 
general; ‘however, the’ starting ‘and landing’ speeds of ‘all 
than-air craft are restricted by practical considerations and: for this rea- 
assume thatthe minimum’ velocity in’ the ‘expression, 
KSV} 2 maximum, remains ‘substantially constant. 
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ow 
we build” boats, the ratio therefore, rema 
oe The wing area must increase directly as the total weigtit of the 
machine, 


The weight of la wings carrying the same unit load of, say 9 or 10 
pounds per square 1 naturally tends to increase faster than the area 


‘of ‘such ‘wings. The larger ‘wings have a greater spréad and are more dif- 


ficult to brace and keep stiff and strong. 

The carrying capacity of a wing increases with the: Square ofva linear 
dimension,: but the structural. members: of which it is composed vary, 
some as L’, some as L’, and some even as L‘. The simple geometrical ex- 
pansion. of. a-small wing to-make a large one would-be-bad. engineering. . 

Fortunately, one need not be ‘discouraged by such theoretical consider- 
ations as we have learned from past experience that, by: the introduction 
of new and ‘better structural materials and arrangements’ in larger wings, 
the weight can be kept down nearly to. direct, proportionality. That is: 
the weight of large wings per unit area is the same a for small ones ‘car- 

ng the same unit load. 

This result, quite at variance with: the theoretical ‘Sections of several 
learned writers, is illustrated by the following table a 


struts an 
int wires) 
$,902 653. 90 8 
1373 803 di shi 1.69 
10,900 1,164 9:38 1.76 
12,810 | 1,420 
13,400] 1,425 9-4 
44,862 | 4,950 906 193, 


The variations in the weight of wing structure per square foot-of area 
are no more than would be expected from the different designers -of these 
widely - differing .machines,.| A: .point of, interest not. brought. out, in, the 
table is that the structural factor. of safety has, fallen from.6 in the HS 
type to 3 in/the NC type, This. sacrifice, is necessary) in; order to, avoid 
weight. It.is also justified in view of: the: fact. that-the very large, ma- 
chines are not,called on te perform, acrobatic. movements/in, the ain. 

After, the wings, the next principal ‘weight. group:to consider.is the, hull. 
The hull. ofa flying boat, is designed ,to, float.the, machine.on the water 
with sufficient reserve buoyancy. to. give ‘stability. and,seaworthiness,.in. a 
seaway. ‘In addition, the: hull must .afford. hydroplaning: surface, enough 
to. permit high; speed over: the, water at, the - Experiments, -in 
the towing tank, confirmed by practical experience, that all the..re- 
quirements for a-flying! boat -hull, are met, if, the, of the /hull is heat 
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directly, proportional to.\the, weight; of, the’ {he machines. That is to say, 
the lines of, a large’ hull, may: be Jexpanded from, the lines of a: small one | 
with a scale ratio equal to the cube root of the displacement. The struc- i] 
tural weights of nel hulls will be almost directly as their displacements, : f 
or as L’, where L, is any. linear meme: There is, therefore, little rela- 

tive gain in hull weight. in the larger ii 

An analysis of the weights of a Saag of large land machines indi- 
cates, that the of fuselage and lending gear’ is about the same as it | 
weight of the equivalent flying boat hull which combines _ the two 

tions. 

The power plant wetight debenduind: acourse. on. the speed required. Mery 
fast fighting planes‘ may have abnormally big. engines which. will account 
for an abnormally large proportion’of ‘the total weight lifted. Eliminating 
these, as well as abnormally slow-training machines, we have the follow- 
ing table from which’ ia seems cleat ‘that the percentage power plant i is 


Name of machine (Gross (Total to — Ww 
weight) | power) | |epercemty 
R+..... 3,964 200 | 1159 |. 19.8 2 | 5.77 
5902, | 360 | 1,566 16.4. |, 385 4.33 
| 6,373, 360 1,600 17.7 agi "4-41 
-| 10,900 | 720 2,831 | 3.92 
Caproni.......... 12,810 | 1,080 4,400 11.8 34.5 |° "4.07 
13,000 | 720 2,876 18.1 3.98 
13,514 720 2,893 18.8 21.4 4-01 

1,080 5,674 20.9 | 25.1 
588), 28,000 1,600 175 2616 4:65 
Tarrant... 44,862 3,000 >| 9,217 15.0 20.6 3-07 


that the power plant for general utility machines of fong endurance 
amounts to about 25 per cent of the’ total weight and ‘the’ power plant it- 
self weighs about 4 pounds per horsepower. This includes the complete 
power plant’ with all accessories, piping, and auxiliaries. °°" 

The figure for the ratio, total weight lifted per horsepower, ‘is about 18 
for long-distance flying’ boats, and’ while it may vary between 15 and ‘20 
in different designs, such variation is independent of size. We may safely 
conclude from this survey of past experience (as well as from an analysis 
ali on dimensional theory which I’ shall not attempt here) that the ratio 


Pit substantially constant for large’! flying “boats. 


Since’ the weight of the: power ‘plant: as. ‘weight. of 
the planes; ‘and we have seen above that the weight of boat; hull and ngs 
increase at least as rapidly, the empty weight of the complete. plane sh 
also increase’ as rapdily' asthe gross weight) lifted.’ difference be- 
tween weight ¢mpty dnd‘ gross: weight) is ‘the’ useful. load; available, for 


i 
is 
| | 


a 
table‘ bears out this’ state- 
flid done to 


In this comparison, I have not labored the point as to whether a large 


seaplane or a large landplane is more advantageous. Without Mende 4 
‘the paper with further tables, I can state that there-is essentially no dif- 
ference between them. The large landplane can be‘made somewhat lighter 
structurally than the flying boat, but due to the necessity for providing a 
-slower landing speed the wings must be larger and, hence, heavier, The 
net result is_practically to make the types equivalent in large sizes. 


_ To revert to the’ comparison with aitships, we have the flying boat’s 
‘power proportional to total weight or to L’ and, likewise, the useful load 


or margin available to carry fuel. Consequently, the endurance which is 


the quotient of these quantities is independent..of size and remains con- 
stant so far:as the effect of size alone is:concerned,, Practically, the larger 
flying boats do, however, have a somewhat greater endurance, but this is 
not due to size but to greater refinement in design. With very large boats 
it is possible to increase slightly the efficiency of propulsion by using - 
geared-down propellers of large diameter and by more careful reduction 
of resistance to propulsion. Also the weight of crew, and navigational 


equipment in a large boat is a. smaller proportion of the total lift. All 


economies, taken together may give an increase of some 30 per cent in en- 


' durance. .No further substantial increase can be expected without ma- 


terial improvement in weight and economy of engines. Naturally, such 
improvements are, expected but cannot be counted on today in a design 


to be. built tomorrow, Mere size is not itself going to give great endur- 


Qn the other hand, we saw how. the endurance of the airship increased 
at least as rapidly as the length, To get greater endurance we need only 
build larger and, keeping the speed constant, we get automatically rela- 
tively enormous increases: in endurance, 
We can conclude from all this that for Fleet Scouting at sea where 
long distances are covered, the rigid ‘airship: will be the! only suitable jtype 
‘of aircraft. Where the distances to be covered: are not,too great, where 
the winds are high, and where hostile aircraft are numerous. and efficient, 
the rigid airship yields first’ choice to the large: flying boat, of the “Giant” 
type, to use the word applied by the Germans, to their 1918 machines. 


crew, fuel,’ cdrgo, ‘ete: useful load should hérefo a consta 
fraction of the gross! weight. following 
44862 | 18,745 | 
ance, 


_ For daylight patrols over coastal waters 'a large flying boat is'more use- 
ful than an airship because a greater area‘can be searched in given time'and 
because less affected by weather. However, it is often cheaper 'to'use a 
darge number of moderate size flying boats for short patrols. 
For convoy work, ‘the ‘flying boat is altogether too fast and of too short 
endurance. To keep in company with a convoy: of vessels proceeding at 
10 or 12 knots; the ‘airship is most suitableiand for this: duty a large num- 
ber of the cheaper’ non-rigid airships is more economical to employ than 
the more costly rigids. The latter should be reserved for Fleet: Scouting. 

The ship’s fighting plane must be carried aboard ship and hence is as 

small and compact as possible. It is‘mounted on a platform over a turret 
and when the ship steams into the wind, the plane flies off in a run of 
some 40 feet. To be sure of getting off, the plane must be light with rela- 
tively large wings. Fhe Army ting ‘planes are not at all suitable for 
this work, because they require a long run to get into the air. Further- 
more, the Navy ship’s fighting plane may have to land in the water in 
case of engine failure, To. permit this, the planes are fitted with emer- 
gency flotation gear consisting of vanes, to keep the plane from somer- 
saulting, and. air-bags inflated from: a, bottle of compressed. air: carried in 
the plane. Normally, the air-bags are tightly rolled ‘up.; The air-bags and 
vanes are: provided: instead of regular pontoons to.save weight. The 
fighting plane cannot return to her parent ship directly, but must land on 
the deck of a special: flush deckship called:a “Carrier,” ..\.. 
_ The ship’s spotting. plane is similar to. the. fighter, .except that it is a 
two-seater of: less speed. and greater, endurance... It isto. some. extent..a 
general utility: machine, and: provided: with, guns..to fight, off hostile air- 
— The spotting plane may be either a land machine with,air-bags or a 
seaplane. 

The torpedo and bombing plane is a larger machine equipped to carry 
heavy bombs or a torpedo. It will be launched from the carrier. The de- 
velopment of the torpedo. plane and the tactics involved in its employment, 
I,am not. permitted, to discuss in. detail... It is, however,.a very. important 
type and. peculiarly Naval... 

I have not yet mentioned.the Kite Balloon, which while less interesting 
technically, is of..great importance tothe ,Navy. The: Kite Balloon is 
towed from a ship.at an elevation of about 1,000 feet. At.such. elevation, 
a spotter can control the fire of the ship's guns unless an enemy. smoke 
screen. interferes. In.that case,.the planes must be depended upon... One 
may ask, why not depend on planes all the time? The answer.is: com- 
munications, The, communications between a plane aloft:and the firing 
ship are-by means, of radio or some visual signal. At best such, signals are 

ificult to: keep clear.and when there.are. many ships firing and many 

es aloft, the, chances. for confusion and interference are very fair. 
The Kite Balloon observer has a telepbane directly to his ship, giving him 
freedom from interruption and interference. rea! pe 
_[-haye, gone into, the realm of prophecy.a bit im,connection with the 
problem of the rigid airship us. the large flying boat, because this is a real 
problem now under, discussion, A decision cannot, be reached from a con- 
sideration of .the two, types: as exist today, as.each is cértain of fur- 
ther. development... So far.as such development can, be forecast, the ad- 
vantage appears to lie with the rigid airship... te 

The other Naval types mentioned involve no such fundamental difficulty 
as.a, selection. of the. type best worth developing, The ship’s fighting and 

ing planes adaptations of planes brought out during the War. 
[he medium-sized plane for coast patrol is fairly satisfactory. as it exists 
at present. It was perfected during the war for antisubmarine work. 
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, Similarly, the. non-rigid. airship for. convoy. duty is well developed, both 
canticipat hs ‘neti 

In general, the; to. be: followedai in the: design of: Naval is 
fairly clear. As the special types needed to. meet.Naval requirements be- 
come more. highly specialized, their: difference from. the aircraft: used by 
an Army will become more marked. Already, a Naval Aviator! has come 
to be regarded as a Naval Officer first, and an. 


THE GENERAL sure FOR 


‘DEPARTMENT, GENERAL Company. 


fee Moss, who developed the General Electric turbondupertharger, com- 
the device with others intended for the same’ purpose and with 
supercharging-engines. He then explains the design of the General Elec- 
‘tric supercharger, and narrates the very interesting history of its develop- 
ment which includes a series ‘of tests on Pike’s Peak: and also in-flight. 
There is also included a very graphic description of the instruments and 
‘method of calculation employed. in accurately measuring airplane altitude. 
The author concludes his description of the: of 


low density. For instance, at 20,000 feet altitude the density is’ practically 
half that at sea level. This means that a given volume contains half as 
much actual air by weight. The cylinders of'an airplane engine are there- 
fore charged ‘with an explosive mixture which ‘has ‘about half the value 
of a charge at sea level.’ The engine actually’ delivers about’ half of ‘its 
sea level power at 20,000 feet. © 

Both the low ‘temperature and the decreased pressure at’ high | altitude 
have effect in fixing the high altitude density,’ Both the decrease of. tem- 
perature and the decrease of weight’of the charge affect the carburation at 
high altitude. “The fixed clearance volume and the decreased initial pres- 
sure give a decrease of compression pressure resulting in @ loss of effi- 
ciency. There is, therefore, a combination of catises'‘which gives'as a net 
result the decrease in engine power very. nearly’ proportional to the’ de- 
crease in density. 
. At high altitude, the resistance of the air to the motion ofthe’ itblinie 
is decreased directly in proportion to the decrease of ‘density. The power 
required for a oie airplane speed is therefore greatly reduced. How- 
ever, the engine power has been so reduced ‘that’ the tisual ‘net result is'a 
considerable decrease in airplane speed. When the engine power is main- 
tained at, the sealevel value, there is, however, a considerable increase of 
speed at high altitude, 

Filling the of an intemal’ combustion: with a ‘charge 
greater than that whic occur, is called’ superchargin 

of doing ‘this. have engaged the’ ‘attention of a Breat’ 
peri menters. 
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The “gas, turbine”. is:,; moyer in which. highly 

of combustion impinge, directly. on a turbine whee high eae 

iency of the gas engine, and, the rapid displacement of. the reciprocat- 
ing engine by the steam turbine have caused a great deal of ,effort. to. be 

spent upon some combination: of the two in the form of. a. gas turbine.” 
any inventors have proposed various types. of gas turbines, and a num- 
ber of these. have been developed to the point where their operation is 
successful mechanically. However, no type. has yet shown sufficiently 
good efficiency to warrant commercial use. The engineers of the General 
Electric Company, have yery. closely followed the various, gas turbine de- 
velopments and have been intimately in touch with the situation for wany 

years,, 

In 1903 the nace. first began work on the. “ centrifugal compressor.” 
This is an apparatus similar to the fan blower except that the shape. of 
the impeller blades and the passages leading air to and from the impeller 
are so arranged as to give efficiency very much greater than that of the 
usual type of fan blower, so that the apparatus forms a satisfactory means 
for compressing air to appreciable pressures. A line of single-stage cen-— 
trifugal compressors has been developed for compressing air from one to 
five pounds per square inch above atmosphere, to be used for many indus- 
trial purposes; as well’ as‘a ‘line of multi-stage machines for compressing 
air and gas up to pressures ‘of 30 pounds per sequeve inch. — atmos- 


phere. 

The is‘a of a gas tusbine and a 
fugal pew EN arranged as part of an ‘airplane gasoline: engine. The 
hot products of combustion fromthe engine exhaust are received upon the 
turbine ‘runner furnish power whereby is driven a centrifugal ‘com- 
pressor mounted on the same shaft, which compresses air for ‘supply to 
the‘carburetors. more detailed description is‘given later) 

In the latter part of 1917 the National Advisory»Committee Sew: “Aero- 
nautics requested the co-operation of the General’ Electric Company in' the 
development of the turbo-supercharger in the United: States.:: Our experi- 
ence with gas turbines and centrifugal compressors led us to be greatly 
interested and ‘the work was pushed vigorously’ during the war. -An ap-* 
paratus was constructed and placed in operation on an airplane engine 
near sea level..: After a period ‘of development, the ‘stage was reached 
where nothing ‘more could be done except at high altitude. However, 
since the development ‘was not sufficiently advanced to warrant an. air- 
plane flight, the entire testing apparatus was taken 'to the summit’ df Pike’s 
Peak: “Here a further period of development-took'place. “The apparatus 
was finally gotten into satisfactory working order so that the airplane , en- 
gine developed the same-power at the summit of Pike's Peak as it orig- 
inally had near sea ‘level:' Arrangements had ‘been started for installing 
the apparatus on an airplane when’ the Armistice intervened: Examina- 
tion of the results which ‘had been obtained, by Army’ officials after the 
Armistice, led: to a ‘resumption of the work andthe apparatus was finally 
‘installed on an airplane. A very good showing was made: from the first; 
The increase of power at high altitude was such as to give an entirely new 
set of conditions. from ‘those under which the airplane originally operated. 
This required various changes in the entire airplane apparatus and_de- 
velopment was made of proper radiators, propellers, gasoline ee 
etc. This work has been. proceeding, satisfactorily for 


work on the turbo-s harger is also being ‘carried on’ in 
France independently of our work.’ e far as can be'seen from the pub- 
lished ‘accounts of the F French work, our, is” on a Tatger ‘sc scale. 
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We aré supercharging larger motor ‘afid’are’ carrying the stiper- 
charging to‘higher altitudes. The mechanical details of the French and 
General Electric’ apparatus are quite different: “The development 
turbo-supercharger similar to that of the French was started in this coun- 
try but ‘the design was modified considerably. | ‘Work on this apparatus 
has not béen carried to a conclusion; however.’ 

Our work was originally started at the suggestion of ‘Dr. W. F. Du- 
rand, then Chairman of the’ National Advisory Committee for Aeronau- 
tics, ‘who knew of ‘our ‘long experience with gas turbines and centrifugal 
compressors. it Ph nen since been carried on under the ‘supervision at vari- 
ous times of ‘Cok J:'G. Vincent, Col. T. H. Bane, Major H: C: Marmon, 
Major G. E. * Hallett and Major R. W. Schroeder. Major Hallett has 
had charge of the development since the Armistice, and he has: ‘given con- 
siderable study to the matter of superchargers i in general. 


OTHE ‘TURBO-SUPERCH ARGER CYCLE. 


ie 3. of, ‘the following article by. Major Hallett givis a 
gram of the principles of the turbo-supercharger. The exhaust of the 
airplane engine. is received by an exhaust manifold: which»leads it to a 
nozzle chamber carrying nozzles which discharge it onto the buckets of a 
turbine wheel. On the same shaft as this turbine wheel is the impeller 
of a centrifugal compressor. This compresses air from the low pressure 
atmosphere to approximately normal sea-level pressure and delivers it to 
an air discharge conduit which supplies:the carburetors, 

‘The turbine nozzles are of such area as to maintain within the exhaust 
manifold: and nozzle box a pressure, approximately equal to that at ‘sea 
level.. The difference between this, pressure and. the altitude low. pressure 
gives a pressure’ drop for: the exhaust gases which. furnishes the power 
that operates the system. 

Due to the respective temperatures, this. power input suffices to give the 
desired compression and also.to supply the inevitable losses... However, in 
order to avoid back pressure on the: engine, above. the: normal. sea-level 
value, both turbine: and must be alesigned: with utmost atten- 
tion ‘to efficiency, 

With: an efficient arrangement, ‘the 3 engine. when. at high, altitude. ex- 
hausts at. normal sea-level pressure and. receives air at the carburetor 
at normal: sea-level pressure.. Hence, normal sea-level power is delivered 
at all altitudes up to the maximum for which the. supercharger is de- 
signed; so that the: alse: ‘speed: will: sani as the altitude 
density 

In. order to. teach this ideal there are. various. -auxiliary problems that 
have.to ‘be solved;; such as temperature rise of compression, slight de- 
ficiency of oxygen at: high altitudes, effect of propeller on engine speed, 
and various: other. effects. The work thus far accomplished, has. dem- 

OF SUPERCHARGING.. dee 

Electric, superchargers thus far have been de- 
signed to give sea-level absolute pressure at an altitude of 18,000. feet, 
which j involves a compressor that doubles the absolute pressure of the air. 
_ This. pressure. ratio, with. the quantity of air involved, requires about 50 
shaft horsepower input for the compressor. e design of a complete 
power plant of this size to suit an existing airplane engine, with, such 
weight and location as will ngt impair the flying characteristics of the 
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Fic. 1—Moror Truck Carryinc Liserty Motor anp CompLeTe Egutp- 
MENT FOR TESTING THE GENERAL ELECTRIC SUPERCHARGER IN 
IED ATMOSPHERE At PrKe’s PEAK. 
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Fic. 2.—P1xe’s Peak SuMMit oN Wuicu Earty Tests WeRE MADE oF THE 
GENERAL ELECTRIC SUPERCHARGER AT 14,109 Feet ALtirupeE. 
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Fic. 3—TuHe Test Car SHOWN IN Fic. 1, as Lert For THE NIGHT ON 
Pike's Peak. 


Fic. 4.—Tue Test Car as Founp on Many oF THE MorNINGs. 
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Fic. 6—Mayjor R. W. Scuroeper, Lirut. G. W. AND THE AUTHOR 
(Ricut to Lert.), 


Fic. 5—Tue Test Car on A Preasant Day on Prxe’s PEAK. 
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Fic. 8—Tue INstruMent Wuicu INpicatrs To THE AvIATOR THE HEIGHT 


at Wuicu He Is Ftyinc. 
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GENERAL Exectric SUPERCHARGER Eguipprp Le Pere BipLaNne Puoro- 
GRAPHED FROM ANOTHER PLANE WHILE TEst FLIGHT AT 
McCook Dayton, Oxto. 
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plane, has of course offered many problems...The possibility of, driving the 
compressor of the, supercharger byengine, power, instead. of. by. the.ex- 
haust gases, suggested itself. . Indeed, observation ofan. engine! exhausting 
in the usual way into the atmosphere, discharging flames through the 
short red-hot.spouts, with the almost incandescent exhaust. valyes in view. 
makes: it-seem absurd to. propose to eaees these. red-hot gases through. pipes 
with a pressure difference above. the, surrounding atmosphere equal ito its 
absolute. pressure, and. more. absurd: still to, obtain, power by. discharging 
these red-hot gases onto,a turbine, wheel. rotating. at 20,000 revolutions. per 
minute. Nevertheless. ‘the turbo-supercharger ‘has made flight. after flight 
with. entirely , successful. operation, , while the mechanically-driven super- 
charger has never. endured in spite: of much effort. Much. experience with 
the operation of the gas turbine led the writer to prefer its. problems. to 
those of the driving mechanism of supercharger operated, from, the en- 
gine. The, turbine. involyes, merely the. addition to. the compressor-of-a 
single..extra wheel,..designed. ‘forthe conditions, with no extra bearings 
The engine-driven, scheme involves a 50-horsepower. transmission. with 
multiplicity of gears, bearings, clutches, belts, and. the like... These. offer 
more.or less drag.on the engine when the, supercharger .is.not in use(at 
low, altitudes, and very serious, problems of acceleration when the super- 
charger. i is to. be thrown into action, since the engine he then; 
at its, full speed of about .1,800; revolutions. per minute., ie 

It must be admitted that. this is much the simpler. proposition, a 
turbine wheel has been. designed. which ‘will endure... ,, 

The exhaust manifold and nozzle: box have proven, 'to. be a effi: 
cient exhaust muffler and. conductor., Such, a muffler and) conductor: is 
needed..in. any .event,;.and the design of means: for, withstanding. the. in- 


creased: pressure. difference..of the has, been ; success- 
fully accomplished. shutiis dont iow 


POWER FOR TURBO AND ENGINE-DRIVEN ‘SUPERCHARGERS. 


An efficient turbo-supercharger theoretically deducts from the indicated 
horsepower of the aitplane’enginé an amount corresponding to the difter- 
ence between‘ sea-level absolute ‘pressure and’ altitude pressure.» There is 
this additional back pressure during exhaust 'stroke.:) The theoretical 
power available for driving the 'turbo-supercharger’ is’ greater’ than this; 
however, owing’to the fact that*there:is: available‘ not! only-theenergy due 
to! ‘the direct -differenceé’ mentioned; ‘but: also the ‘energy iof ‘per+ 
fect ‘expansion’ from’ the higher ‘to ‘the: lower! pressure.» If there were no 
turbo“supercharger the engine: would waste this energy in sudden pressure 
drop’ as the exhaust ‘valves~o /Phe turbine’car utilize this energy. The 
sum of*these ‘two'amounts available enérgy, multiplied by the efficiency 
of the turbine wheel; gives the shaft power delivered: to the compressory ': 

‘an! engine-drivert: ‘supercharger ‘compressor there! is "greater engine 
indicated power to’ a! lower ‘exhaust’ pressure:' However, the shaft 
power for the supercharger compressor! must! be transmitted through the 
engine connectitig: rod’ ahd crank shaft with’ losses,:and:then:through the 
supercharger driving ‘mechanistn ‘with additional losses.>The total:shaft 
power thus subtracted from the’ engine, multiplied by’ the efficiencies ‘of 
these two transmissions; gives the’ shaft :power! delivered: to :the-compres-. 
sor. This is the same for the turbo-supercharger: ‘Fora Li 
motor’ of dbout .400 ‘and: ‘power feet: alti~ 
tude, this powet'is 50 horsepower. cans to T 

The comparison ‘then ‘is The i 
from the engine indicated’ power, ‘adds ‘power of expansion whith would 
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not otherwise be used, and ‘has ‘turbine wheel ee ‘The engine-driven 
supercharger’ puts | this indicated power th h the engine’ (with some 
loads the pins and: bearings) an has engine and transmis- 
josses. 

With’ usual effitiehey there is probably ‘diferente between 
the gross subtraction from engine power in the two cases. There is then 
the disadvantage of transmitting the superchatger power through the 
engine pins and bearings, as well as through some mechanism between en- 
gine“and ‘supercharger, to be compared with the collection of. the hot gases 
under ‘pressure’ (with muffling advantages) and ‘delivery to the turbine 
wheel. As‘already mentioned, practical success to date is in favor of the 
turbo-supercharger’ and the’ writer feels’ that: this i is featly ‘due to’ its in- 
nate superiority. 

-Engine-driven siperchangers ‘blowers have been 
proposed. ‘These have the additional disadvantage that with the desirable 
pressure ratios of about two to one there is an appreciable compression 
loss’ due to ‘the ‘fact that the Orly displaces air and no direct 
means for compression.» 

It‘is to be‘ noted that, ‘althougt the power required to’ vive: the 
charger’is subtracted from the engine power,’ the remainder at high’ alti- 
with an efficient supercharger ‘is equal ‘to sea-level power. That'is to 
say, the supercharged ‘engine delivers power enotigh ‘to drive the super- 
charger as well as'to ‘deliver sea-level ‘power to the propeller. “There 'is of 
course no way to arrange for full power due to’ supercharging ‘with the 
additional power due’ to exhaust at the low' absolute pressure of high alti- 
tude and ‘without expenditure of power for’ supercharging. Without’a 
supercharger the engine has‘the advatitage of a very low exhaust pres- 
sure; but the explosive ‘charge ‘is so small that’ the? gtoss ‘Power has’ ‘the 
well known low value at high gusts 


OY 
SUPERCHARGING ENGINES. 


or the: engine cylinders: themselves are ‘arranged for additional compres- 
sion: have been discussed Major Hallett, and. shown. to give excessive 
weight and: complication. as: compared with a turbo-supercharger. 

A very simple form of supercharging has, frequently been used wherein 
an, engine darge displacement, but.with. very high, compression pistons 
has been fitted to a saceneeevey small plane, In such a case, the throt- 
tle: could not be opened wide: near.sea level because the compression would 
be excessive and serious pre-ignition would, result; to say nothing of the 
damaging effect on the engine by delivery of. the full power correspond- 
ing to the displacement with sea-level charge. At altitude, however, a full 
charge at the altitude! density is taken, andon, account of the high .com- 
pression pistons this is, compressed. to .a proper, amount for good opera- 
tion.. Some high altitude flights, have been made. in this, way with a.sin-' 
gle: seat plane» and: engine. with a displacement. corresponding. to 400- 
horsepower at 'sea level. power at high, altitude, was, possibly ,100- 
horsepower. 100-horsepower engine with a turbo-supercharger wo 
give the same power at altitude and weigh very, much. less... 

Since such. an engine! has, normal ‘compression pressure.at high altitude, 

_ the power will be -very, nearly. proportional to the density of the charge. 
There will be no loss of efficiency due to decrease of compression: pres-, 
sure. The altitude power. will, then vary. directly with 
placement and inversely with relative density at) altitude, . ott 
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Major Hallett points out that with such an engine the weight is near! 
Proportional to the displacement. Hence such an, engine» will 
nearly twice as:‘much asa supercharged engine for 18,000 feet altitude'con- 
ditions; and nearly ‘four times ‘as! much? fot: 35,000: feet ‘conditions ‘where 
the: density is one-fourth that’ at ‘level: There is some deduction from 
these figures due to 'the fact that the weight ‘will not go up ‘quite as fast 
as» the displacement ‘and because the supercharger’s' weight is not neg: 
ligible.. However; the situation in the’main is as represented: 

Engines have also been proposed with ‘crank-case compression, dither 
with individual connections or with: a ‘receiver. : With a four-stroke cycle, 
two crank-case ends supercharge a single cylinder: However, with the 
minimum crank-case clearance thus far: suggested, the: maximum: compres- 
sion ‘pressure possible not at an appre- 
ciable altitude. Rey 


a "DESIGN OF GENERAL SUPERCHARGERS. 


ing PORN aN used thus, far have been designed to give sea-level pres- 
sure at 18,000 feet altitude, which corresponds to a pressure ratio of about 
two. The rated speed for these conditions. is.20,000 revolutions per min- 
ute. Sea-level pressure has readily been obtained up to 22,000 feet alti- 
wate The control is entirely, by,hand. operation ia waste gates, which per- 

mits of free escape of some of the exhaust gase: ' 

he, entire. apparatus,'.exclusive of, exhaust manifold d air discharge 
conduit, weighs about.100 pounds, The exhaust manifold and air conduits 
haye nearly the, same weight as.equiyalent parts with no supercharger. . 

The turbine and compressor wheel have diameters somewhat less than 
a. foot. The, present design has been .hampered by necessity for accom- 
modation to existing engines and _planes,. It,is proposed, however, to con- 
struct apparatus in which engine and supercharger. are.integral, with all 
parts arranged. for the full, possibilities of the combination. 

The. essential. features of. the design are various arrangements of ducts 
for cooling the several parts, means for accommodating the temperature 
expansions, means for handling the temperatures which, exist, ahd eumeiatt 


the combination of airp! “én radiator; cooling sys- 
tem, and supercharger are mately: engin that rio adequate tests 
can be made without the complete system in operation’ at full speed at 
altitude. Altitude chambers exist for tests of engines alone, but ‘none are 
arranged for inclusion of the propeller. ‘What tests were possible were 
first run with steam with the supercharger: alone ‘at the Lynn’ Works of 
the General Electric Company. Additional tests were run with the super- 
charger and Liberty motor on amometer ‘stands at “McCook Field; 
Dayton, Ohio, the Experimentat Station of’ the Engineering Division of 
the Air Service. These tests were necessarily made with nearly sea-level 
initial pressure. Even slight supercharging under stich conditions involved 
increase of compression pressure, and this instantly caused’ preignition. 
Both sets of tests gave means for perfecting the mechanical operation of 
the supercharger, but gave no information as to increase’ of engine power 
under altitude conditions. So far ‘as ‘could be seen everything was oper- 
ating. in accordance with scheduled ex sg bee there was’ ‘not sulle 
cient assurance to warrant an ‘airplane fi 
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_ During the initial development of the Liberty motor testing expedi- 
tion had been sent to the summit.of Pike’s Peak, and it was. decided to 
repeat! this’ performance with: the supercharger, Fig.'1.shows the motor 
truck that was prepared for the expedition... The Liberty motor: carrying 
the supercharger. was mounted on: a cradle.dynamometer, with scales and 
all arrangements for accurate: measurement: of power, gasoline consump- 
tion: and: the :like.. In: fact,!a complete testing laboratory..was provided: 
The motor truck was shipped by rail'to Colorado Springs, and‘ then pro- 
ceeded by its: own power to Pike's Peak summit on the “ Pike's Peak 
Auto, Highway.” This is a well. constructed, very. newtwosis ‘mountain road 
twenty-eight miles long.’ 

Pike’s Peak Summit hasan altitude: of 14,109 It is the ‘bigheat 
point in the United: States: easily reached by road. The summit is a slight- 
ly rounded rocky flat about 100 yards in diameter. On it are two stone 
houses, one at the terminus of a cog railroad and the other about one hun- 
dred yards distant at the terminus of the auto highway. The motor truck was 
set up near the latter. Fig. 2 shows the nature of Pike’s Peak summit. 
Fig. 3 shows the way the test car was left after each day’s work. Fig, 4 
shows its condition on mafiy of the’ mornings, ‘There ‘were, however, many 
pleasant days when the testing work’ could be’ carried on with facility: 
Fig. 5 shows the rear of ‘the test ‘car 'on’a pleasant day. 

The testing work at the summit ‘lasted ‘through Sépreniber and half: of 
October, 1918. tsual’ difficulties’ with experimental work’ were; of 
course, encountered with the addition of many delays, due to the cold ‘and 
snow, and distance ‘from repair shops. Minor changes were made'in a 
little ‘shack at the summit, bit all the machine! work''and changes of ap- 
proestle magnitude were ‘made at Colorado Springs. ‘The apparatus was 

ally arranged ‘to give’ good’ mechanical operation; and a number of 
tests were run showing the ‘performance ‘of ‘the ‘enginie” with ‘the -super- 
charger opened up to the maximurh’ limit’ possible) supercharger ‘was 
designed for operation at 18,000 ‘feet with some matgin. ‘It was possible 
at the existing altitude ‘of 14,000 feet ‘not ‘Only'to supercharge s0'as to give 
full power, but’ also to ‘overcharge af to! cause the engine to 

re-ignite 4 

It was agreed that résufts’ of the’ ‘Pike's watveited ithe 
diate installation of the supercharger’ on ati airplane; and’ arrangements 
for doing this were in progress when the Armistice caused a cessation of 
the work. After the: Armistice, careful ce-examination, of the situation 
resulted in resumption work in early part of at, Pike's 
rearrangements were, ma experience at Pi 

Peak and the, apparatus: was on an airplane. After a num- 
ber of, tests on, the. ground, flight tests were made, 

»It.soon developed that.a, very., of ‘po er, was. ‘easily 
obtained when .the, supercharger was opened ¢ whole, airplane in- 
stallation, was_ not) properly .arranged. to take of this, power, 
however, and changes, were necessary, inthe radiator, cooling system, pro- 
peller system, gasoline. tank, and,pump system, etc, Changes in t ese 
parts have been made from time to time, and. this work is. still in progress, 
As the mare and more power .is developed by the engine, 

have also, been. made. in, the supercharger. itself, 

-Many:-remarkable flight tests;have, been. made. In fact, the 
work, flight .record..of some er qwas,, at every fligh 
ciable; progress has maser pl capacities of 
atus have not,:yet. been 
afice are tobe ex 


Norther improves, perform- 


pected; 
Fig. 7 shows the. airplane and ig. show Major Ry W. 


Schroeder, who has made all tests to 
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Lieut. George, W..Elsey, who has made. all_of the-flight-observations to 
date. The aviators are of course clothed for- ‘thesintense cold of ~ 
altitudes and carry the parachutes that. th + now regularly used by the 

S. Air service experimental work, 


or ALTITUDE. ¥ 
‘The altitude ot an airplane: is measured by an as hicieher such as is 
shown in Fig. 8. This is essentially\an aneroid tatineneter. ‘It comprises 
a chamber almost-wholly exhausted of’air; on-one-side of:which is a flex- 
ible metal diaphragm. As the atmospheric - pressure. presses on this 
diaphragm to a greater or lesser extent, the-diaphragm moves in or out. - 
This motion actuates a train of mechanism, ending in.a-needle moving over 
a scale. The temperature’ of the instrument itself must, Of course, have 
no effect on the readings. Temperature compensation. is. arranged for by 
leaving a certain amount of air in the vacuum.chamber. and also by use 


of metal, in one of the levers, which has an appreciable coefficient of ex- 


pansion, This temperature compensation is never quite exact, however, 
and a slight correction to the indications must be’ made, to take account of 
the actual temperature of the parte. of the tnstrument- at-the:time of an ob- 
servation. 

The reading of the with, compensation taken 
into account gives the’ absolute pressure at the altitude'in question and it 
is from this absolute pressure that the altitude’ is computed. Knowing 
the absolute pressure at the field from which the: flight i is made, as given 
by the barometer, the absolute pressure at altitude as given by the alti- 
meter’ edding; and ‘the’ temperature of’ the’ ‘column ‘of’ air between these 
two’ points at a number of heights, the difference in°elevation can be com- 
puted by appropriate exist. ‘tables! ‘of ‘average values of 
temperatures various altitudes’ to enable’ this computation ‘to be ‘made 
approximately for an average case.’ However, where’ an ‘actual’ altitude 
record’ is involved,’ the actual temperatures’ at : ‘various ‘altitudes durifig the 
ascent must be observed and inserted in the formula.\|‘The determination 
of ‘the altitude in record flight is therefore a matter of Sottie complexity. 
It has been very carefully dotie in’ the ‘case of the supercharger flights at 
McCook Field. 

The instrument in Fig, 8 is an, indicating instrument. The instruments — 
actually used the altitude are recording 
instruments rographs,” which operate on the principle. 
Fi shows record of such an After a 
flight, the record ing instruments “used are. ued from. the ‘plane an 
placed: under the N-jar of an, air pump, connected ‘with a mercury ‘col- 
umn, while the Clock which causes the rotation of the record paper is still 
running. _ Autographic. records are thus obtained at, a number’ of ‘known 
values of absolute pressure, as pore by the mercury, column. This gives 
an accurate calibration and establishes, shite pres sure at the maxi- 
mum altitude. attained. During, recor: ndependent, bato- 
graphs are used for certainty. . 

9. shows. observations, of ‘at hig for a 
many of the supercharger flights om the actua ‘values ‘of these 
peratures. for a given fight and the barograph record menitioned, the max- 
imum. altitude is computed. 

amount of. supercharging is ‘measured. by @ rect barograph ot 

same kind, which is not, to Pressure, however, 
sealed cha line to the air 


d 


i | 

| 

| 

| 

it 

H 

| 

| 
| 

| 

: 


594 NOTES. 


= 
= ake 
tay 
T 


spheric Temperature 


Fic,.9.—Curves of Temperature at, Hicn Ausrrupes., Tue 
Pornts Were Mane, Duninc SupercHarcer AIRPLANE FLicHts. 


the altitudes corresponding to this record are known, so. that there. is 
given a record of the equivalent altitude of the. engine. This is practi- 
cally, sea level as is. shown by the lower curve in Fig..10...0 
_ The upper curye in, Fig. 10 gives readings of a Venturi-meter-Pitot-tube 
arrangement, which. gives the air speed. . These, readings are calibrated by 
an, actual flight near the ground over a measured course of three miles 
with the use of stop watches... bat 

By, these methods very accurate knowledge has been obtained of the 
of the supercharger under many conditions. 
SUPERCHARGER’ PERFORMANCES, 


~The supercharger which has been used to date was pestarity designed 
for high speeds at altitudes of 18,000 to 22,000 feet. é Le Pere plane 
on which the installation was made had a ceiling of about 20,000 feet with 
two mén, and a speed at this altitude of 70 miles per hour. With the 
supercharger in use, a speed of about 140 miles an hour has beén attained — 
at 22,000 feet. As already pointed out, this has been attained with various 
parts of the plane installation in a partially developed state. Theoretical 
computations have been made showing that much higher speeds at hi 
altitudes are to be expected. The progress of the flight tests to date indi- 
cates that. the. theoretical expectations will be fully realized. 
“The making of high altitude records has been very attractive and the 
supercharger has, of course, been used for this purpose as well as for the 
speed courses mentioned, Successively higher altitudes have been reached 
as experience has been gained regarding the manipulation of oxygen, gas- 
oline, and other details. The highest altitude reached with two men was 
on October 4, 1919, with Major R. W. Schroeder and Lieut. George W. 
Elsey.,. The maximum indicated altitude was 32,385 feet. Various com- 
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putations from very complete observations, give the actual heiglft above 
the ground as 31,800 feet. Complete details of these computations, as of- 
ficially verified, are given in “ Flying” for January, 1920. This figure is 
about one mile higher than the nearest two-man altitude record without a 
supercharger, 

On February 27th, Majby. ‘Schroeder made a flight alone, 
actual height above the ground finally computed as 36,130 feet (6.85 miles). 
The lowest temperature reached was minus 67 degrees F. At the maxi- 
mum altitude, Major Schroeder’s-oxygen apparatus failed.and he became 
unconscious and lost control of the plane. The recording instruments, of 
course, continued to work and these show that there was an almost verti- 
cal fall of about five miles. i in two minutes (an average speed of fall of 150 
miles per hour.) Observers in Dayton saw the plane spinning around as it 
fell. Major Schroeder became semi-conscious as he neared the earth and, 
at an altitude of about 3,000 feet, he succeeded, in a half dazed semi-auto- 
matic way, in righting the plane and making a good landing in his own 
field, again becoming unconscious. He was taken to @ hospital in a serious 
condition, but has since almost completely recovered. The supercharger, 
engine, and plane were in perfect working order after the flight. 

At the maximtim altitude attained; recording instruments showed that 
the plane was still.climbing at the rate of aban 125 feet per minute and 
it was. estimated that an altitude of 40,000 feet would have been attained 


"SUPERCHARGERS AN D-SUPERCHARGING ENGINES.” 


Curae or Secrion, ENGINEERING | Division, 

Dayron; Onto. — 
The “ceiling? or masini attainab ‘altitude at ‘airplane.is ‘limited 
by the ngine power is-- reduced- 
rarified ‘atmosphere ‘at high it is that a of 


neers, 8, 1920; the author yeviews the work w Been 
done and outline of the- future —Editor. 


20,000 or ever:-30,000 ‘as they- develop: at sea-level ‘issvery real 
and very great, in not ealy military but also. in commercial | aviation. 
Much success-has. be en attained. with. supercharging devices-in- this 
country and a certain amount of success Europe. «It-must-be admitted 
that there have been some fai -also.._It the intention to. 


developments in supéercharging: this article_and to point ont, the; fines 


of attack which seem’ to Be‘neeting with most success. 

Supercharging, as the is generally; used, means a 
of greater volume than that which is normally drawn into the cylinders 
by the suction of the pistons in conventional internal-combustion engines. 


| | 
per 
engines with Juel,maxture at sea-level pressure. atter met ‘the 
| only one worthy of studious consideration, and. consequently. much-effort ; 
| has been expended to develop supercharger or a supercharging engine 
4 


Fic. 1—TWELve-cyLinpER Liserty Motor witH SUPERCHARGER OF THE 
Type SHown IN Fic. 3. 


i 
i} 
; 
: 
3 } 
i 
at 
al 
yn. 
: 
ed 
es 
ge 
ers 
ies. 
i 
| 


ag 
1 
i 
iti 
} 
1} 
\ 
| 
{ 
i 
| 
4 
€ 
Hil 
Hn 
iii 
A 
i 
{| 
5 
é 


WHEN NEEDED. 

At 20,000 feet, altitude. the atmospheric _gresaresi. roughly one-half 
that at sea level; hence about one-half.the weight of charge.is, drawn into 
the engine.and less than one-halfthé power is’ At.25,000 feet 
altitude. less than 25 per cent of’ seasléyel power is delivered. Tf at these 
altitudes air is‘Stipplied to the carburetor.at sea-level pressure, or.approx- 
imately 14.7 pounds per square inch absolute, the power developed by the 
engine becomes approximately. the same as when running. at sea level. 
The low atmospheric pressure and density. at great altitudes offer greatly 
reduced resistance to high airplane: ‘speeds; hence the’ same power that 
will drive a plane at a speed of 120 miles per hour*at sea level will drive 
it much faster at 20,000.feet, and still faster at 30,000 feet altitude, and 
with approximately the same "consumption of fuel per horsepower hour. - 

There is little to be gained by supercharging at sea level to increase 
the power given size engine, becayis¢ the clearance volume must be 
made greatér than normal to prevent. pfe-ignition, with consequent de- 
crease in the expansion ratio and comparatively poof fuel economy. The 
fact that .cléatance volume is‘increased-removes the possibility of the 
engine developing full power at -great- altitudes unless a supercharging 
capacity greater/than anything heretofore considered feasible is available. 
Supercharging, | ‘therefore, is most useful in maintaining sea-level horse- 
power in engines-ascending to.or working at great altitudes. 


| SUPERCHARGERS. 


Superchargers usually take the form of a mechanical, blames gt p 
and, of course, require a driving gear of some kind. a bon low- 
ers or compressors used to date include the oot 
ment, and centrifugal types. The reciprocating type was. tried b the 
Royal: Aircraft Factory early in the war, on an air-cooled R. A, ers 

e, with practically no success. It seems that this type of’ blower Sin 
to be comparatively heavy also due to the 


WITH THE SUCTION STROKES oF THE Prstons. 
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Fic. Type Brower Dr Connectep To A TURBINE 
Waeet is IMPELLED BY THE ENGINE ExHaustT Gases. 


‘The ‘Root’ type ‘blower was tried by the. Royal Aircraft’ Factory with 
little or no success, The trouble, reported wae tough” rimning of the 
engine on ‘account of the pressure pulsations in the air discharged by the 
blower, which tended to overcharge some cylindérs and undercharg 
others, thus causing uneven impulses. It is reported that mechanical trou- 
bles also developed with this type of blower. George W. Lewis, of the 
National Advisory Committee for Aeronautics, is working ‘on an ‘im- 
proved Root type blower, shown in Fig. 2. Here the pulsations in the ait 
discharged are synchronized with the suction strokes of the engine. It 
will be interesting to. note how this develops. 

The cetitrifugal type of blower was used by Prof. Rateau, in France, 
early in the war} He employed the exhaust gases of the engine to drive 
a high-speed single-stage turbine direct connected to the centrifugal 
blower shown in 3... Some success wasshad from the start, but he 
encountered many mechanical troubles. It is claimed in recent reports 
that some fairly’ good results are being obtained by the French. 

The Royal Aircraft Factory experimented in 1916 and 1917 with.a gear- 
driven centrifugal blower, but as soon as an endeavor..was \made to run 
it at step up the to-the 5 or 6 porinds 
quired, great difficulties were encountered» on account-of-the tia an 
momentum of and the deed gear- 
train, which resulted repeatedly tin breakage of the gears when the en- 
gine was accelerated or decelerated. To eliminate this-trouble a friction 
clutch, designed to slip under excess torque, was tried, but only partial 
success was achieved, and the élutch itself gave considerable trouble. 
Light, flexible vanes were then tried on the compressor impeller, but this 
expedient has not proved to date... Similar experiments were 
conducted by the A. E, F, in France, but were concluded by the signing 


of the armistice. 


WN 


The United States: Air Service started work om the Rateau type of 
turbasentipaniise soon after’ we entered the war. ‘The work was done 
under the: supervision: of E. Sherbondy, »who worked ‘in ‘conjunction 
with the Rateau-Bateau-Smoot Co. which handled the: Rateau patents in 
this country, and designed a turbo-compressor which seemingly em- 
bodied many improvements over ‘the Rateau type. Three of these ma- 
chines were built and given ground tests on: Liberty. engines. The’ ar- 
rangement of the engine and ‘the supercharger: is shown in’ Fig; 1.. Con+ 
siderable ‘trouble was encountered due to) overheating: of: the exhaust- 
driven turbine, and eten the use: of a ‘special metal in this 
part did! not overcome the trouble... Soon after’ Mr. Sherbondy began 
work: on the turbo-compressor, Dr.\S; A. Moss; of the-turbine research de- 
partment of the General Electric C y; was asked to carry on some 
work on the same general type. He built one. turbo-compressor which 
was.also a modification of the Rateau type, but differed considerably from 
Mr. Sherbondy’s machine, This device was tested on a Liberty engine at 
the summit. of) Pike’s Peak ‘and developed approximately: sea-level horse- 
power there, at an altitude of 14,000 feet: It was: ‘capable of making - 
engine pre-ignite at that height. 

After the Armistice was signed all work. ‘on the dvidiginenh of eupier- 
chargets was ‘stopped: When the engineering division of the Air Service 
took over' McCook: Field' and started to ‘plan: peace-time ‘development, the 
supercharger situation’ was carefully considered. It was decided: that it 
was important to continue development work along this line. It then: be- 
came’ necessary’ to decide: whether work should be continued on’ both: the 
Sherbondy and the Moss machines, if not,: which: one should be de- 
veloped; “It: was noted ‘that: although: Dr. Moss’: machine was compara- 
tively crude, it*contained some inherent advantages over the Sherbondy 
type, and no way was.seen to overcome: the: faults the Sherbondy ma- 
chine. Therefore, the latter: was dropped and the: General Electric Com- 
pany was given a contract to rebuild the old supercharger designed by 
Dr. Moss. The new device is now being tested in actual flight and is giv-_ 
ing ‘very interesting results: Figures on the results obtained with the 
present Moss supercharger are naturally confidential. The indications are 
that the tu turbo-compressor is very durable’ and: probably will . outlast an 
aviation engine. 

J. W. Smith, a designer and builder ‘of radial: lo- 
cated in Philadelphia, ‘is known to have designed a turbo-compressor for 
this‘ type of engine: The B. F. Sturtevant Co.;-at» Boston, Mass., has at 
least ‘partially developed’ a belt-driven:' for 
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there ‘is sone ‘question as to the best location thie! 
relation to. the blower in supercharged engines. Apparently all posi- 
tions have been tried: 
(1) It is to use the centrifugal type of blower asa carburetor 
uel jet within its housing and allowing the rotor to do the 
mixing. At the rotor usually runs over 20,000 revolutions per minute, it 
will certainly mix liquid fuel with air. This system would requite a man- 
te fuel or eugegae such as is used with the Gnome engine, for different 
eds, With this arrangement there would be danger of afi explosion in 
e blower i in case the engine ean’ becatise the 
would be. under higher than atmosphetic. 
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(2), The ‘carburetor canbe placed on’ the: suction» side of the blower. 
In this case the evaporation of the fuel will assist: in: cooling the charge 
during compression and the action of the compressor /will improve the 
mixing of the fuel, but the danger from explosion remainsto be over- 


(3). When the carburetor. is placed in the “normal” ‘position and air is 
forced through jit, it becomes necessary: to balance” ‘the float-chamber 
with supercharger pressure. ;;This: somewhat complicates ‘the feeding: of 
fuel.. Pressure gas-feed systems are “banned” in military: planes ‘and in 
any case with a pressure, system the tanks would: have to. be made com- 
paratively heavy to withstand the pressure which would be used at great 
altitudes. Where gasoline pumps. are used. it is necessary to regulate 
their discharge pressure as the plane ascends, because the fuel must reach 
the float-chamber at a pressure:about 214 pounds higher than’ that at: the 
supercharger outlet. If the difference in: fuel'and float-chamber pressures 
is not kept.in constant relation, the quality of the mixture fed. to the en- 
gine will vary on account of the change in fuel level in the float-chamber. 
The. engineering division has developed a very simple device that solves 
this problem effectively and is entirely automatic...) 

It would naturally seem. at first thought that the extremely low: tem- 
peratures always found at great altitudes would make possible the easy 
solution of ‘cooling problems, but in reality the low density of the air re- 
duces its heat conductivity and.capacity for heat: absorption to ‘sucha 
‘point that a supercharged engine developing sea-level power at: 20,000 
feet requires a little more cooling: surface: than it does when developing 
normal power at sea level. 

The Liberty engine and many others run best with a water tempera- 
ture of. about 170 degrees F. To: maintain the cooling water at this tem- 
perature in the reduced atmospheric pressure at 25,000, feet it is necessary 
to use several pounds of air pressure in the radiator to prevent the water 
from boiling away. Very effective radiator shutters are needed when the 
engine is throttled: to.make a descent from altitudes, of over 20,000 feet 
to prevent t 1e ;water’in»the radiator from freezing before: warmer air.-is 


Contrary to expectations, the Moss turbo-compressor now being tested 
at McCook Field does not complicate the pilot's controls,...On.a normal 
engine the pilot handles the throttle and the altitude carburetor control 
which thins down the mixture as he ascends. With the turbo-compressor 
the altitude control becomes unnecessary up ‘to the altitude at which the 
engine can no longer deliver sea-level power but. is used, as with.a nor- 

_mal engine, if the plane is driven higher. ;. © >. eel 

With the Moss turbo-compressor, when flying at low altitudes, the ex- 
haust pressure is allowed to “waste” through manually operated “ gates” 
in the exhaust pipes. As the plane ascends the pilot closes these gates a 
little at a time and after he reaches a great altitude he can speed and re- 
tard the plane by the use of these gates. He uses the throttle only in case 
he wants to descend rapidly, when he closes it. ‘In our test flights we 
have provided the pilot with a sealed altimeter connected only to the 
supercharger pressure, so that it shows to what altitude this pressure cor- 
responds, en at great altitude the pilot closes the exhaust gates until 
the pressure in the carburetors.causes the altimeter to show sea-level pres- 
sure. This. makes it unnecessary for him to do any calculating, If he 

the gauge read lower. than sea level, the engine will pre-ignite, We 

have sired been able to obtain sea-level pressure in the carburetors at 
well over 20,000 feet. The exact height cannot be mentioned at present. 
With a normal engine the falling off in power as the plane ascends does 
not cause as much of a drop in propeller speed as might be expected, be- 


reached. 
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catise ‘of the ‘reduction in density of the ‘air “in' which) ‘propeller is 
working. ‘Our’best engines do not lose’ over 75° revolution ‘per minute at 
20,000 ‘feet. When‘ an’ enginé is supercharged 'so' that ‘the’ power remains 
constant’ as’ the plane ascends, the propeller tends’ to’ “race” at’ great alti-' 
tudes. Therefore’ it is necessary either’ to’ tise'a ‘variablé-pitch ‘propeller’ 


or to'put' ofiOne that holds the engine speed- down‘ too ‘low for best per- 


formance riear the ground, but ‘also ‘does tiot allow ‘the engine to race too. 
much at great’ altitude. Tn: “our present tests’ we are tising ati oversize pro-' 
peller and are’ getting surprisingly’ good’ but we'also have’ vari- 
able-pitch’ about veady for test ‘ani get, much better’ per- 


SUPERCH ABGING ‘ENGINES, 


As generally used, the - supercharging engines” refers to internal- 
combustion engines i in which compression in thé crankcasé/or in the lower 
end of the’ éylinders is used 'to' force ‘an*® ‘additional volume of air or mix- 
ture into ion 

ced an order 
rimental su- 
supercharged 


Destontp ENGINE Witicn: By Presson 


yy. the. use of crankcase pressure, as. is possible in, 
cycle, engines:, ‘ol were, made, using. ‘both air and mixture in the 
crankcase, erable tered in, both the design and 


ion, of, the ine, and engineering division ‘has 
chave., ; and in, the, ‘small. amount ‘of 
testing that has been done. no. very, large. increase, in power or brake mean. 
pressure, has been. shown, ially., It is, believed. that the fric-. 
will prove to; be. very, high, in pre engine and that the, 
ng will be comparatively. limited. silat engine w 
i country, show .very tio due. partly. ' 
operating the valves: which control an aif, 


42 
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An interesting problem. in .this, type, of engine: when. using air. in, the, 
crankcase. is. } hether a.rich mixture should be fed, through, the regular, 
induction system, and an,,eftort. made. to dilute it. with, the, supercharged 
air, or a.normal mixture should be fed through the induction, system and. 
an attempt made: to..obtain, perfect, stratification and thus let.the super-, 
charged air merely, form.a cool, elastic and expanding .cushion,,on the. 
piston-head. It is feared that.in either case, it will be difficult, to, secure.” 
the. desired results through a large range.of.speeds and throttle, positions, 

‘There English. make of supercharging engine in which. air,.is com-, 
pressed under the piston and by-pressed through cylinder, ports.at the. bot. 
tom of every stroke (see Fig. 5), supercharging, as in the Kessler engine, 

. at the end of the suction stroke and scavenging at the end of the exhaust 


| 


of Design 
ELOPED AROUND THE, Rmncs. 
stroke. It!is claimed by the inventor Anat this scavenging makes possible 
the use of higher compression and greatly improves the fitél economy and 
brake méam: effective ;;pressure., It is believed that this engine. will give: 
‘rather limited supercharging and it may. prove difficult to control the mix- 
ing or stratification of the air and mixture at some speeds. 

In an English rotary air-cooled engine the pistons trayel out to the 
cylinder-heads ‘on the. scavenging’ stroke’ arid the beginning ofthe’ suction’ 
stroke and continue an extra‘ distance ‘inward’ at’the’end of* the’ suction’ 
stroke, thus taking’ in larger charge than ‘that of a conventional 
The piston reaches only a normal position at the end of the compression’ 
stroke and continues an extra distance inward at the end ‘of the suction 
stroke, all by. means of an eccentric’ cranikkpin bearing which’ is rotated’ on’ 


the crankpin by gears of suitable ratio.’ "This type Of exigirie ‘must ‘cer-’ 


) 


tainly give a very limited amount of supetthatging’ 
“Tt is believed that’ supercharging ‘engines ‘will ‘necessarily give a‘ rather’ 
limited amount’ of supercharging. It is ‘also believed that ‘considerable’ 
difficulty will ‘be’ ‘encountered ‘in’ obtaining ‘the’ desired "stratification 
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‘mixing conditions the gh “any wide range of 
‘throttle positions.'* Also; mechatti¢al friction’ is added ‘in ‘this type of 
‘engine ‘and'it must’ be bore in mind ‘friction is particularly undesir- 
‘able at great dltitiides becatise it rethains nearly constant from the ground 
‘up to great altitudes’ while ‘the power’ falls’ off rapidly} thérefore, the’ me- 
‘Chahical éffitiency of ‘the’ becomes Very lowe 
Root type of blower? might be interesting for supérchatging pur- 
‘poses if the troubles caused’ by the pulsating Hature of its discharge could 
‘Tt ig hoped’ that! Mr: Léwis’ efforts along this line will 
Tt'is already frequent ‘practice to build aviation ‘eiigines with compres- 
‘Siott 'so"high' that’ the’ throttle cannot be’ fully’ opened’ ofi the ground’ with- 
injtiry! to ‘the this ‘way, ‘pérhaps; the same’ power is’ ‘ob- 
‘tained ‘at’'5{000 feet as ‘canbe obtained on the’ groutid: It has® been 
“gested* Carried ‘further ‘and that an “ oversize” engine 
with much ‘higher ' compression ‘so ‘that cannot’ be opened 
fully until a considerable altitude, such ‘as’ 10,000 of 15,000 feet, is reached. 
It has’ beéh, stated that such ah’ engine could be made ‘lighter, ‘ii’ propor- 
‘tigh tothe ‘cylinder sizes; than a ‘conventional engine; on account of the 
’that ‘the throttle would’ Hever’ be opetted ‘near the ground, but it is 
‘helieved' that ‘when this idea is investigated; if will be found that the 
‘WHértia “Forces quite as’ much as the explosion forces that determine the 
‘fecéssaty ‘strength in’ most high-speed’ aifplane ‘ehgitie “parts ‘arid’ ’that 
therefore such an engine could not be built*light enough’ to’ ‘make it*prac- 
tical. ‘Tn any° case) it is doubtfal whether this’ wotld give’ ateally good 
'sohition’ for’ flying’ at 25,000 Of 30,000’ feet. Tt is ‘possible ‘that centrifugal 
‘compressors’ cat be operated ‘satisfactorily by gears Or by'w belt “drive.” It 
is Known that some ‘designers’ are’ working on both’ of these problems. 
he: tifboveomtipressor in ‘which an exhaust-driven’ turbine is used for 
hg’ ‘the entrifugal Coipressor ‘seems’ to’ present one fairly good’ way 
‘Omplishing the ‘desired purpose:'’ The» tutbo-compressor itself: is 


‘very 


arging. turbo 


It is believed that when the present type of turbo-compressor low being 
tested by the engineering division has been more fully developed, it can 
be built into an engine in a form which will add less weight and less 
head-resistance than~the . present) machines and naturally when we know 
exactly what additional cooling surface is required at a given height, it 
“Will not be’ difficult, to build this ‘cooling: surface into the*airplane in such 
‘a form that’ very little weight ‘and ‘head-resistance’ will be 

he dses’ of ‘the ‘supercharger for’ military’ servicé' ‘can “be divided’ into ; 
first, for ditplanes ‘in which it'is desired to’ reach ‘extreme altitude; sec- 
ofid, ‘for ‘airplanes in which it' is desired to’increase the! tate'ofsclimb and 
horizontal speed atid’ therefore’ maneuverability: at ‘altitudes it: is 
intended to, fight aiid, third, for airplanes which carry large loads, such 
as bombers, which, normally are handicapped’ by ceiling 
anid, Whose éntire’ ‘usefulness would; if larger ‘engines “wefe installed to 
pull them 'to a higher ‘ceiling, "be lost on*aecount of the:larger amount of 
fuel ‘and other material that would’ ave 
their radii of action. 


| mplé, as is only one moving part; nam rotating 
ment consisting’ of the turbine wheel and coftipression itmpeller.’ The ‘bear- 
‘ings '6f this “rotating element do hot seem to wear tioticeably! and ‘the de- 
Very” little drag ‘on the engine when not being ‘used’ for’ su- 
mS is' also: atv’ effective exhaust muffler. 


In the first it is, that, a; supercharger;can be, built 
that will make easi greater altitudes than any. that have).been 
attained with. the present. General Electric . and. it. is 
considered essential that we. have airplanes capable of reaching very great 
heights. In the: second, case, it)is pointed out. that military machines not 
fitted with supercharging, engines, when fighting, at an. altitude, of 20,000 
feet or: more, are so near.their.ceiling that, their, rates of climb, speed, and 
‘maneuverability .are. comparatively poor, but, the use of a, supercharger 
‘seems to overcome, thie difficulty easily. When; a, pilot, climbs. with. a .nor- 
mal engine to 20,000 feet and then levels off in horizontal flight,. the .en- 
gine and propeller speed, up perhaps 100 revolutions per minute, This, of 
_course, enables: the engine slightly, more, the, case, of 
_a supercharged engine, especially with the, turbo-compressor. type, of super- 
charger, as. the engine, speeds up in hopieonta), flight, the temperature, of 
the exhaust. and. the, power available. from the. exhaust: increase,, thus 
building up, the, supercharging pressure and giving, greater 
increased power than with a normal engine, . 

The, use of superchargers in commercial. airplanes. of. the juture is as- 
sured because superchargers. will make possible far more per hour 
_and more: miles. per, gallon with a given engine. and airplane, and speed i is 
the main, advantage, of over other, kinds (of, tra portation. At, is 
thought, by .many qualified judges that, by flying ata oe cient, height, with 
‘a supercharged engine and.,a, suitably designed airplane Speed, 0 
miles; per! hour, can. be. maintained. 

In the. beavyrloadinarryigg type of, plane which must. ‘necessarily. cross 
‘mountains or perhaps. fly sbove storms and elouds,: the necessary. height 
,be; reached. with -smaller, cheaper,. and | more, economical, engines, if 
they are fitted. with superchargers... It is obvious. that in. really long. cross- 
-country. flights ‘or: trans-continental_ flights, with. mail,.or passengers, ;the 
logical: course: is, to fly. at, 25,000. or, 30,000. feet aititude where, the, resist- 
to speed. is,low,and great speed, can be attaine: 
the engine. can) deliver, high power, economical ly, which, do do. if 
-equipped with a: supercharger... 
igraphit:dllustration of the. advantage of supercharged, engine, it 
is. pointed. out, that jat; 25,000 feet altitude.a supercharged, 250;horsepower 
engine will.deliver much: power. as; a. 1,000-horsepower! engine 
supercharger; and of course the former will og many hundred pounds 
less, its fuel and tankage will; sigh very much less, the first cost will be 
much lower and the structure of the re can be made much lighter. — 


It will be recalled that at.last of the Inet 
“Architects paper; presented 
-Erosion, of Propellers,”.am abstract.of this paper 
(building, and, Shipping, Record” April 


-variced that -rapid,/and. deep. of, propeller; 
\of bosses might’ be.due tp, the water-hammer e 
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Royal Society at Burlington he; 
ratus which was ‘employ joard 
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-yention, and Research to, investigate the subject of propeller eros 
‘follo cone is fitted at its apex, with a die eap th ik is a, 
of the same diameter as the end of the cone, a thin metal plate being 
placed between. the cap and the cone, The cone is placed in water in a 
tall tank and after being filled with water it is thrust quickly downward 
on, to a block of rubber at the bottom. , This momentarily forms a cav 
‘at the. apex of the cone, which closes with a perceptible metallic clic 
d. with suf cient, force to puncture. ‘the metal plate: é plate is “0. 
inch thick, pisering. of which indicates a pressure of 140 tons per square 
‘inch. It is difficult to see how the effect of these collapsing vortices on 
propeller blades can be resisted.—* Shipbuilding and Shipping Record. 


ECONOMICAL PROPELLING MACHINERY. 
years ago,an: interesting discussion, took. place in the 


of. the .N,E,. Coast, Institution, of Engineers. and Shipbuilders, as to the 


_merits, of reciprocating machinery, geared' turbines and oil engines. It is 
evident. that, the difference of opinion then expressed. still-exists amongst 
shipowners, for if, experience had, shown that, either one| or. the other 
had. outstanding, merit, it: is certain that by. this..time, the application of 
that particular, type would, have been more. universal. Electric propulsion 
has come, prominently, before the engineering public, since .the aboye. dis- 
cussion | took, place,..and thus, four, distinct .types,..with many 
may .be chosen from.. is. possible there, may, be a,distinet, field: for 

It ig-certain, for, example, . that, vessels demanding great.power. for the; 
sired, speed must have cither geared. turbines or, the electric drive. 


advocates. of..edch, are, strong, in, their claims for greater efficiency. 


Qn the one hand the electric drive has been. criticised. as.,\ being far out- 


classed in every and, for. all sizes .of ships by. the turbines,” 

whilst,on, the, other, “ fuel; economy. decidedly. superior. to. peng 
in.,a.. steamship”. is claimed for,.electric machinery. It 

for, the ordinary man..to judge where, the truth lies, 

ships, are; considered, at,least 60. per of the. 

the, y,of low; er ships, the nature 9} e: trade 


average route s ould be consi If oil can be procured 
seems to be much in favor of the internal-combustion a o spite of 
its greater initial cost and greater call for skilled attention. Oil fuelled 
Scotch boilers with geared turbine machinery are being installed in many 
cargo ships at the present:time! | ‘A large amount of; valuable data as to 
relative merits of the various types should soon be at the disposal of 


-engitiéers: ands: Shipbuilding, and 


cant rastiad! ott ows fot bad viev at 


wth Porth 
oft, osyth, Port. Wer: marks 
riv; refore., i pr 


tion whi 
coaling stations. Now we are beginning to 
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t reser count a of iléproditcing areas! and 


as oil Stations, ‘the First puts, forward the 
tion that if'a depot i is not ‘provided, ‘the Navy will have to have fecourse 
‘to, an oil hulk at'sea, which is an expensive method of storage. The ap- 

pearance of these items in the estimates, however, are Signi cant. of, the 
official afiticipations, the. future’ ‘of and 
Shipping Record,” 


“BUILDING ue" BY WELDING. 

There appears to me no limit, to the number of successful applications 
of the priticiples' of electric welding in’ marine “and ‘ship ‘con- 
struction. Apart from the specific: purpose of welding ‘two pieces of ma- 
terial together to form continuous’ whole, the’ idea ‘of’ depositing’ ‘metal 
‘at wort part from a suitable: electrode has long been ‘ptacticed:' This 
process has been extensively employed ‘in boilér' work where ‘the’ plates 
‘have cotroded ‘and’in machine parts where it is réquired to add’ strength - 
‘to a'piete of material which’ shows signs of weakening due ‘to’ wear. "We 
recently had ‘an opportunity’ of ‘witnessing this process’ being applied to a 
large crankshaft,. which, ‘as.'a ‘result’ of many years’ of wear, had become 
slack in its’ web:'' Tt was’ decided to build ‘up’ the ‘diameter of the shaft by 
welding a thin’ layer of metal all’round for a length equal to the thickness 
of the web and afterwards to'turn the shaft down’ to size ‘and shrink the 
web on to'the’\shaft. This was ‘successfully accomplished, and although ‘it 


“must ‘be admitted that the process of building up'the shaft 'was a slow one, 


the ‘welded metal turned down to’the cortect diameter’ giving the appear- 

ance of a ‘new and homogenedus ‘shaft, In this case the’ electrodes were 

operated by hand, but the use of, machinery for this purpose ‘would 

reduce the time taken’ and would lessen’also the amount of material which 
to be used in buildin up the’ shaft, since ‘the welded’ metal ‘could be 


in é th, 


Ocker, fying: a! DH-4'Goldbuy’ ‘Mas, to 
Washington, D. C., equipped with the new Micarta or so-called Bakelite 
propeller, put this propeller to a most severe test. Bolling Field had been 
in a very bad condition for about two weeks, the mud being 12 inches 
deep. Landing with a~-DH-4 ‘which! has a very high landing speed, in 
mud is a particularly dangerous undertaki _ Hardly had his wheels 


switch to ctit off his e the’ propeller eeaus int churning ‘around 

the ground''several times. The force of this’ ‘¢hutnirig’ was so great that 

it’ threw’ his’ ‘platie“ back into position, ‘while’'the wheels” sank down’ to 
the hub in the’ mud. When ‘an ‘examination of’ the propeffer ‘was ‘made 


it was’ found ‘to ndition arid tot’ even 
‘beén a ‘wi it broken “in 


‘the ground plane’ ‘nosed’ ‘Before he ‘could''‘reach 
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Report OF THE COMMITTER, OF ‘THE, INSTITUTION, OF, 
ENGINEERS. Edited hy. P.M, CrostH WAIT, Ad, 
M.Inst.C.E., and Gripert R. Repcraye, Assoc. Inst.C,| 
London: The Committee, of the Institution of, Civil, Engi- 
neers, Great George Street, Westminster, S. W.L,, and to be 
purchased through any bookseller or directly from H, M, Sta- 
tionery Imperial Hoyse,, Kingsway, W.C.2, and ‘usual 
agencies, 6% in. 10 in. 144 in, 301 pp... Price 30s. 


The, deterioration of. structures. in sea ip Sg is a, subject 
of vast, importance to the waterfront engineer, as affecting 
repairs, to. existing, structures, and, all future Six 


of the, teredo_ in the. timber. constructions, at an- ‘important 
waterfront property, which for. 50 years was free from, any, 
sign, of this destructive agency, Many failures, throughout 
the world, of concrete structures in sea water: tape empha- 
size the importance. of the. subject... 
July, 1916, the: Institution of Civil of, Great 
Britain took. steps. ti to secure, a grant, from the. Privy. Council 
in aid of. research work, into | the deterioration of. structures of 
timber, metal and concrete, w when, exposed to, the action, of sea 


water in various. localities, and as to, the measures, for, preser- 
vation of such structures. 


The. present volume the’ first fruit of the ertaking 
The Institution of Civil Engineers has unusual ponies 
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for conducting such investigations and early appointed some 
forty willing representatives in the persons of the Chief En- 
gineers of Ports in the United Kingdom, India, the Dominion, 
and Colonies. All parts of the werd, and varying climatic 
conditions are thus represented. 

An excellerit resumé of existing literature on the subject, 
principally from British sources, is given, but touching also 
on American, Dutch, German and other experiences and in- 
vestig tions. Special reports from the corresponding | mem- 
bers are pfinted, covering British; ‘Afritan, Australian, ‘New 
Zealand, East Indian, Chinese (British) and North Ameri- 
can (Canadian) 

“Particularly complete and’ valuable are the summaries ‘and 
discussions ‘of the wood: boring organisms, the seléction of 
timbers to resist their action, the behavior of concrete in sea 
water, the catises of its deterioration, and the action of ¢ ‘cast 
iron, Wrought! iron and Steel in sed water. 

The reports from the various ports are illustrated wi 
plans and photographs, and are individually well ‘worth care- 
ful’ study by. those charged w vith | responsibility £ for water front 
structures. To a very great extent the British ¢ experiences are 
paralleled by those of American engineers. 

present report by no Means. exhausts ‘the ‘and 
the Committee of the’ ‘Tnstitition proposes to ‘proceed on the 

lines: which the’ present ‘information indicates have ‘not been 
filly ‘covered: The ‘work Of the coming generation ‘ot engi- 
neers, as well as of the present’ ehgineers for waterfront ‘con | 
striiétions, “will depend’ to an great’ extent ‘upon 'the . 

yorld-wide experiences engineers. ‘in actual’ constructions, 
biit these experiehces’ are com: reherisively’ collated’ dnd 
drialyzedl the’ etigineeriiig profession’ Alt ot get the full’ 
fit? undertaking ¢ UE the Civit Engineers is is 
_ thus particularly deserving of commendation. 
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‘Hor: Burs’ On ‘AND! SUITABLE By 
Water Le M.I.Mech.E., 
York. 429 pp., 369: ill; ‘$10.00 net. 

For purposes of marine: in power: up to 300 
horsepower per engine and: for stationary purposes, such as 
driving electric generators, etc., up to’ 150 horsepower per 
engine, the semi-Diesel or hot bulb engine is: sometimes  con- 
sidered as being superior to the Diesel engine, but in powers 
in excess of those given above, it is considered that the Diesel 
engine is superior in every way. 

The field designated above is a large one and this, to- 
gether with the greatly increased numbers of engines of the 
hot bulb type in use, merits special attention being given to 
this subject and this volume supplies a long-felt want. 

The book is most valuable from the point of view of the 
owner and the operator rather than from that of the designer. 
’ The text goes briefly into principles, thoroughly into descrip- 
tions of the various makes of this type of engine, and, most 
important of all, is the information which it gives to a pros- 
pective user in ean, an engine suitable for his particular 
purposes. 

The notes on upkeep and operation are good and indicate, 
‘on the part of the author, a wider acquaintance with the semi- 
Diesel than is afforded in the drafting room, and as there is 
a great lack of published information on these subjects, the 
present volume is a welcome and needed one. 


M. C. B. 


Diese, Encine Desicn. By H. F. P. Purpay, B.Sc., 
A.C.G.I. D, VAn Nostranp Company, 8 Warren St., New 
York. 295 pp. 271 ill. $7.50 net. 

With the renewed interest in the Diesel engine for propul- 
sion that has arisen to meet the requirements of cheaper modes 
of transportation, is the demand for suitable technical works 
on the design and operation of this type of prime mover. 


43 


‘ 
1€ 
n- 
n, 

‘ic 
ct, 
n- 
| 
| 
nd 
| 
a | 
ast | 
ith 
ont 
are 
and 
the 
n 

bid 
ngi- 
ons, 
and 
ene- 
‘S$ is 
4 | 
a 
3. 


610° BOOK’ REVIEWS: 


The volume ini question is: very complete from the point 
of view of the drafting room and presents an exhaustive 
number of examples of good practice in every detail of the 
design of a Diesel engine. The chapters on first principles 
and theory are especially good and are presented. in simple 
language. The numerous: illustrations. are clear and. well 
chosen, the tables are excellent, and the references at the 
end of each chapter are exceedingly helpful. 

is an excellent book which can be, wish 
by and draftsmen in work, 

R M. 
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ASSOCIATION NOTES, 


: The iedlowties members and associates have joined the So- ; 
ciety since the publication of the last JourNAL: 


MEMBERS. 


Drella, Louis, Lieutenant, U. S. N. © 
Heim, S. M., Lieut. Commander, U. S. N. 

- Rockwell, J. H., care McDougall-Duluth Co., Duluth, 
ASSOCIATES. 


Clapham, C. F., 230 55th St., Nessale News, Va. 

Macdonald, W. R., 87 Victoria St., Westminster, London, 
England. | 

MacIntyre, James R., care Lake Torpedo Boat Co., Bridge- - 
port, Conn. 


' Morehead, W. C., Great Lakes Boat Building Corp., Mil- 
waukee, Wis. 

Silent, R. A., Terminal Supt., Huasteca Petroleum Co., 
‘Apartado 94, Tampico, Tamps, Mexico. 


To ensure prompt delivery of your JOURNAL, do not fail 
to keep the Secretary-Treasurer advised at all times of your 
address. 
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